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TETRACYCLIC COMPOUNDS PROCESS AND INTERMEDIATES FOR THEIR PREPARATION AND 
THEIR USE AS ANTITUMOUR AGENTS 

The present invention relates to heterocyclic compounds which have 
been found to have anti-tumour activity. More specifically/ the 
invention concerns Pyrrole [3,2-b] carbazoles, lH-*Benzofuro [3/2-£] 
indoles and 1H«[1] Bensothieno [2,3-£] indoles r methods for their 
preparation, pharmaceutical formulations containing them and their use 
as anti-tumour agents. 

Research in the area of cancer chemotherapy has produced a variety of 
anti-tumour agents , which have differing degrees of efficacy. Standard 
clinically used agents include adriamycin, actinomycin D, methotrex- 
ate, 5-f luorouracil, cis-platinum, vincristine and vinblastine. How- 
ever, these presently available anti-tumour agents are known to have 
various disadvantages, such as toxicity to healthy cells and 
resistance to certain ttiraour types. 

There thus exists a continuing need to develop new and improved 
ant i— tumour agents • 

Khoshtariya et al, khim. Geterotsikl. Soedin (1980), (2) 203-8, 
disclose the synthesis of certain indolobenzo(b] thiophenes. 

Khoshtariya et al, khim Geterotsikl Soedin (1984), (10) 1366-70 
disclose the synthesis of certain indolobenzo[b] furans. 

Kakhabrishvili et al, khim Geterotsikl Soedin (1985), (3) 355-6 
disclose the synthesis of certain derivatives of indole [ 5, 6-d] and 
indole [S,4«d] benzo(b] furans 

The patent specification EP447,703 discloses the synthesis of certain 
benzo ( 5 , 6-b ) benzof uran-2-carboxy lates • 

There have now been discovered novel con^unds which exhibit 
anti-tumour cell activity with low toxicity against normal cell lines. 
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Thus, in a flrat 
XhB general 



aspect ^he 
(1> 



present invention provides a compound of 




(I) 



and salts and physiologically tunctional derivatives thereof , 



wherein A is 




R2 , 



or 

2 



X is o, SO, so^, ca^, CO 
aralkyl, aryl, alkenyl, acyl, 
sulphonyl ; 



NR^, wherein is H, alkyl, 

alkynyl, sulphonyl or substituted 



y is O, S, 



2' ^"2' 



CO or NR ; 



R^ is 



. CH^OH, CB,Or\ CONH,, CONHKR^V^ . 
10.11^ . . ^8 



8 8 
, COOR % 

COHR^^R^^, OOO(CH^) NR^'^R*", wherein R'' is alkyl, 

9 

aryl, substituted aryl or aralkyl, R is acyl or substituted 
10 11 

acyl, R and R are independently hydrogen, alley 1 or aryl, and 
n is 1 to 4 carbon atoms; 



2 8 12 
R is H, COOR , alkyl, aryl, substituted auryl or CH CH CO R 

12 2 2 2 

wherein R is alkyl or aryl; 

3 4 

R and R are independently H, hydroxy, alkyl, haloalkyl, 
alkoxy, halo, cyano, nitro, amino, alkyl amino, dialkyl amino, 
substituted alkyl, carboxyl or CO^R ; 
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5 

R ia H, alkyl, substituted alkyl, aralkyl, nitro, amino, 
halo, cyano, CHO, OOOR«; 

6 13 
R is H, arylr alkyl, aralkyl, nitro, halogen, CHO or COR 

wherein R^^ is alkyl or aryl 



with the proviso that 



2 3 4 5 6 
(i) when R , R , R , R and R are all H and A ie 




wherein Y is NH and X is O or S, then R^ is not CO^H 

2 



and 



2 3 4 5 6 
(ii) when R , R , R , R and R are all H and A is 



wherein Y is NH, and X is O then R^ is not CHO; 



and 



(iii) Y is not o when X is O 
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In yet a further aspect the present invention provides a compound of 
the general formula <1) above, wherein K is 




X is S, SO, SO^, CH^, CO or NR^, ifherein R*^ is H, alkyl, 
aralkyi, aryl« alkenyl, acyl, alkynyl or sulphonyl; 

7 

Y is O, S, SO, SO^, CH^r CO or NR ; 

R^ is COOR^,CHO,CH OH, CH OR^, CONH , CONHR^° or CONR^^^^, 

8 9 
wherein R is H, alkyl, aryl, substituted aryl or aralkyl, R 

10 11 

is aeyl or substituted acyl, and R and R are independently 
alkyl or aryl; 

2 8 12 
R is H, COOR , alkyl, aryl, substituted aryl or CH^CH CO R 

12 2 2 2. 

wherein R is alkyl or aryl; 

3 4 

R and R are independently H, hydroxy, alkyl, haloalkyl, 

alkoxy, halo, cyano, nitro, amino, alkyl amino, dialkyl amino, 

12 

substituted alkyl, carboxyl or CO^R ; 
5 

R is H, alkyl, substituted alkyl, aralkyl, nitro, halo. 



R^ is H, alkyl, aralkyl, nitro, halo, CHO or COR^^ 
13 

wherein R is alkyl or aryl with the proviso described above. 
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Alkyl groups present in general formula (X) may be straight or 
branched chain alkyl groups, and may contain 1«-10 carbon atoms and 
suitably 1--6 carbon atoms. Examples of such alkyl groups include 
methyl, ethyl, t-butyl and the like* 

Acyl groups may be straight or branched and may contain 1">10 carbon 
atoms and suitably 1-6 carbon atoms. Examples of suitable acyl groups 
include ethanoyl and propanoyl groups. 

Alkoxy may be straight or branched and may contain 1-10 carbon atoms 
and suitably 1-6 carbon atoms. Examples of suitable alkoxy groups 
include methoxy, ethoxy and the like. 

Aryl includes both carbocyclic aryl groups and heterocyclic aryl 
groups normally containing a maximum of 10 ring atoms. Carbocyclic 
aryl groups include, eg phenyl and naphthyl and contain at least one 
aromatic ring. Heterocyclic aryl groups include eg thienyl, furyl, 
pyridyl, indole and quinoline rings. 

An aralkyl group may contain from 1 to 4 atoms in the alkyl portion 
and the aryl portion may be a carbocyclic or heterocyclic aryl group. 

Substituents which may be present on the alkyl, aryl or acyl groups 
include alkyl, alkoxy, halo, sulphinyl, amino (optionally substituted 
by one or two alkyl groups), haloalkyl (eg trif luoromethyl) , 
sulphinyl, sulphonyl and cyano. 

Substituents which may be present on the sulphonyl include alkyl, aryl 
and aralkyl. 

Halogen represents fluoro, chloro, bromo or iodo. 
In the compounds of formula (1) 
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7 7 

Z ie preferably O, S or NR , wherein R Is H, al)cyl, eulphonyl or 
toluene eulphonyl; 

7 

Y ie preferably NR ; 

1 8 8 9 10 11 10 

R is preferably OOR , COOR , CBJOSCf CONH , CNHNR R , CONHR ^ 

10 11 10 10 11 8 

OONR R , COO<CH^) NR R , wherein R is alkyl, aryl, 

9 10 
substituted aryl or aralkyl, R is aeyl or substituted acyl^ and R 

and R^^ are independently hydrogen, alkyl or aryl and n is 1 to 4 

carbon atoms; 



2 8 12 12 

R is preferably COOR , allcyl or CH^CH^CO^R wherein R is alkyl or 

aryl; 

3 4 

R and R represent independently H, hydroxy, alkyl, alkoxy, halogen, 
cyano, substituted alkyl or carboxyl; 

R^ is preferably H or alkyl; 
6 

R is preferably H, alkyl or aryl and salts and physiologically 
functional derivatives thereof. 



X preferably represents s or NH, A is preferably 



and y preferably represents NH. 

1 ' 8 8 

R is preferably OOOR , with k preferably being alkyl or aralkyl 
2 

R is preferably H or alkyl. 
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R is preferably H« alkoxy or Halo. 
4 

R is preferably alkoxy or halo* 

R^ ie preferably ^llcyl and 
6 

R ie preferably H 

and sal^a and physiologically functional derivatives thereof. 

Particularly preferred cou^unds according to the present invention 
include: 

3-Pyr idyl 3 , 4-diinethy Ipyrrolo ( 3 , 2-b J carba201e-2-carboxylate 

[ ( 3«-Dimethylamino > phenyl ] 3, 4-diinethy Ipyrrolo { 3 « 2-*^] carbazole-2-carbo-' 

xylate 

Benzyl 1,3, 4"-*triinethy Ipyrrolo [ 3 , 2-b ] earbaxole--2*carboxy late 

Phenyl 3 , 4-dimethy Ipyrrolo ( 3 , 2-^] carbazole*2<-carboxy late 

3 , 4-Dimethyl~2- ( 1-imidazolylcarbonyl ) pyrrolo ( 3 , 2-b ) carbazole 

Ethyl 3, 4-diiiiethylpyrrolo [3^2,-b]carbazole<-2*carboxylate; 

Ethyl 3 , 4-dimethy Ibenzothieno ( 4 , 5^jf ] indole-2-carboxylate ; 

Benzyl 3 , 4-diiiiethy Ipyrrolo [ 3 » 2-b ) carbazole-'2-carboxy late ; 

Benzyl 8*f luoro-3 , 4"-dijnethy Ipyrrolo [ 3 , 2'*-b ) carbazole«*2-carboxylate ; 

Ethyl 8-f luoro*3 , 4-diinethy Ipyrrolo ( 3 , 2-b ] carbazole-2-carboxylate 

Benzyl 3,4, 6- trimethy Ipyrrolo [ 3 , 2 ) carbazole-2-carboxy late ; 

Ethyl 3,4, 6-triinethy Ipyrrolo [ 3 , 2-b ] carbazole-2-carboxylate ; 

8-Fluoro-3 , 4-dimethy Ipyrrolo ( 3 , 2-b ) carbazole-2-carboxylic acid 

3 , 4-Diinethy Ipyrrolo ( 3 , 2-b ] carbazole-2— carboxylic acid; 

Ethyl 8-methoxy-3 , 4-dimethy Ipyrrolo ( 3 , 2-b ) carbazole-2-carboxy late; 

3,4,6-Trii&ethylpyrrolo[3,2-b]carbazole-2«*carboxylic acid and 

Benzyl 8-methoxy-3 , 4-diiiiethy Ipyrrolo [ 3 , 2-b ) carbazole*2-carboxylate ; 

and physiologically functional derivatives thereof 
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Compounds of 'the general formula (I) have been 'tested against two 
specially developed cell lines which are clones of ^he human 
fibrosarcoma cell-line, HT1080. One clone, BT1080scc2, retains the 
transformed phenotype of the parental line, ii^ilst the other, 
HT10801C, is a morphologically flat, non-tumour igenic, revertant. 

Thus, the effects of potential anti-tumour compounds can be evaluated 
on the basis of ^ their ability ^o effect detransformation in fiT10aOscc2 
cells. 



Compounds of the present invent^ion have been found i:o. be pazrticularly 
effective in this assay system* 

In addition, compounds of the present invention have been found to be 
effect.ive against MCF7 human breast cancer cells, A431 Epidermoid 
carcinoma cells and A285 melanoma cells* 

The compounds also exhibi't low toxicity against normal cells* 

According to a further aspect, the present invention also provides a 
process for preparing confounds of general formula (X), which process 
comprises catalysed ring closure of compounds of formula (ZV) in the 
presence of a strong acid* 




(IV) 



The present invention also provides for a process for preparing 
compounds of formula (IV) which process cco^ises either: 
(a) Reaction of a compound of the formula (IX) with a compound of the 
formula (XII) to produce a compound of the formula (IV), mdierein 
X,Y,R^>R^f R^,R^ and R^ are as defined herein:- 
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followed by ca^alyaed ring closure • 

The reaction is preferably carried ou^ room temperature in the 

presence of a strong acid, eg p-toluene sulphonxc acid or montmorillo- 

nite RIO clay as a catalyst to produce a compound of the invention; 

(b) Reaction of a compound of the formula (V) with a compound of the 
formula (III) to produce a compound of the formula (IV) followed as in 
(a) by catalysed ring closure. 



a 




wherein L is a leaving group. Examples of suitable leaving groups 
include -OCOCH^, OET, -H^Me^ and halo; 

(c) A one step reaction procedure ^ reacting a compound of the formula 
(II) with a compound of the formula (III) in the presence of a 
catalyst, to produce a compound of the invention In a single step. The 
preferred catalyst is montmorillonite KIO clay; 

1 

Insertion of the eubstituent R onto the ring system for exasiple: 
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(d) Carboxyla^lon of a polyheterocyclic compound using 

(I) a carbonyl halide or 

(II) carbon dioxide 

According to knoim procedures (J. March, Advanced Organic Chemistry, 
2nd ed, McGraw HlXl, New York, 1977, p 497-498). 

(e) Alternatively one can produce compounds of the formula (I) wherein 

2 

R Is CHO by methods Icnown to those sldlled In the art, for example 

(1) The appropriate aromatic polyheterocycle can be reacted with a 
formylatlng agent, such as that generated by the reaction 
between Snci^ and Cl^CHOCH^ or equivalent reagents* 

For example, according to the method of A. Relche et al, Chem. 
Ber. 93, 88 (I960), or with other standard formylatlng 

res known lii the art, for example, the 



Gatterman-Koch reaction (CO\HCl\AlCl^\CuCl) , the Gatterman 
reaction (HCNXHClXZnCl^) , and the Vllsmeler reaction 
(POCl^\PhN*(Me)CHO or POCl^\Me^NCHO) (J. March, Vide Supra, 
p 494-497); or 



(11) The appropriate aromatic polyheterocycle, carrying a suitable 
functional group, said group being converted to an aldehyde 

group by methods known to those skilled In the art* Suitable 

14 14 

functional groups Include CHBr^, CH^, OOR , %^ereln R Is a 

primary or secondary C. - alkyl group, COOH or a derivative 

thereof such as an ester, amide, acid chloride or CN; or 



(f ) Compounds of the formula (I) wherein Is OQllHR^^ may also be 
produced by the reaction of a compound wherein R^ Is COOH or a 
suitable reactive acid derivative thereof as outlined In J* March, 
Vide supra* For example an add hallde can be reacted with a eoaipound 
MHjR" in inert 
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(g) Conversion of one compound of formula (I) into another compound of 
formula ( I ) • 

1 8 8 

Ccxnpounds of the invention wherein R ie COOR and R Lb, for example, 
aralkyl can be converted to free acids wherein R ie H by reduction in 

Q 

the presence of and a Pd catalyst, or where R is, for example, 
alley 1, by hydrolysis in the presence of an appropriate base e.g. 
caesium carbonate. 



It is thereafter possible for the skilled man to synthesise ester and 
amide compounds within the scope of the invention by conversion of the 
free acids obtained, by known procedures* (See J* March, Vide Supra, 
P363-365) . 

Compounds of the invention produced as described herein can be 

converted to other compounds of the invention by eleetrophilic 

5 6 

substitution at R and/or R , to introduce, for example, NO , halogen 



13 13 
and COR wherein R is as defined herein. 



The above processes have been decribed for compounds wherein A is 



V 



The skilled man will appreciate that these are equally applicable when 
K is 



11 



^ ft' 





In another aspect the invention relates to novel intermediates of the 
formulae (II), (XII) # (IV) or (V). 



wo 94/02483 PCr/GB93/01512 

- X2 - 



The compounds of 'the present Invention are useful for the treatment of 
tumours. They may be eaiployed in treating various forms of cancer of 
mammals including carcinomas r for instance of the stomach, pancreas, 
breast, uterus and colon; adenocarcinomas, for instance of the lung 
and colon; sarcomas, for instance fibrosarcoma; leukaemias, for 
instance lymphocytic leukaemia and lyn^homas, for instance myeloid 
lymphoma. 

The invention thus further provides a method for the treatment of 
tumours in animals, including mammals, especially humans, which 
comprises the administration of a clinically useful airaunt: of compound 
of formula (X) or a pharmaceutical ly acceptable salt or 
physiologically functional derivative in a pharmaceut.ically useful 
form, once or several times a day or in any other appropriate 
schedule, orally, rectally, parenterally, or applied topically. 

In addition, there is provided as a further, or alternatiive, aspect of 
the invention, a compound of formula (X) or a pharmaceuticaXly 
acceptable salt or physiologically functional derivative thereof for 
use in therapy, for example as an antitumour agent. 

The amount of compound of formula (X) required t.o effective against 
the aforementioned tumours will, of course, vary and is ultimately at, 
the discretion of the medical or veterinary practitioner. The factors 
to be considered include the condition being treated, the route of 
administration^ and nature of the formulation, the mammal's body 
vieight, surface area, age and general condition, and the particular 
compound to be administered. A suitable effective anti«-tumour dose is 
in the range of about O.OX to about XOO mg/kg body weight, eg O.X to 
about XOO mg/kg body weight, preferabXy X-30 mg/kg body weight. The 
totaX daily dose may be given as a single dose, multiple doses, e.g .. 
two to six times per day or by ijitravenous infusion for selected 
duration. For exaiaple, for a 75 kg mammal, the dose range would be 
about 8 to 900 mg per day, and a typicaX dose couXd be about 50 mg per 
day. If discrete multiple doses are indicated treatment might 
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typically be 15 mg of a compaund of formula (I) given up ^o 4 times 
per day. 

Whilst it ie poa Bible for the active compound to be administered 
alone, it ie preferable to present 'the active compound in a 
pharmaceutical formulaliion. Formulations of the present invention, for 
medical use, comprise a compound of formula (I) or a salt thereof 
together with one or more pharmaceutieally acceptable carriers and 
optionally other therapeutic ingredients. The carrier(s) should be 
pharmaceutieally acceptable in the sense of being compatible with the 
other ingredients of -the formulation and not deleterious to the 
recipient thereof. 

The present invention, therefore, further provides a pharmaceutical 
formulation comprising a compound of formula (I) or a pharmaceutieally 
acceptable salt or physiologically functional derivative thereof 
together with a pharmaceutieally acceptable carrier thereof* 

There is also provided a method for the preparation of a 
pharmaceutical formulation comprising bringing into association a 
compound of formula (I) or a pharmaceutieally acceptable salt or 
physiologically functional derivative thereof, and a pharmaceutieally 
acceptable carrier thereof* 

Formulations according to the present invention include those suitable 
for oral, topical, rectal or parenteral (including subcutaneous, 
intramuscular and intravenous) administration* Preferred formulations 
are those suitable for oral or parenteral administration* 

The formulations may conveniently be presented in unit dosage form and 
may be prepared by any of the methods well kno%m in the art of 
pharmacy* All methods include the step of bringing the active compound 
into association with a carrier which constitutes one or more 
accessory ingredients* In general, the formulations are prepared by 
uniformly and intimately bringing the active compound into association 
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with a liquid carrier or a finely divided solid carrier or both and 
then, if neeeasary, shaping the product into desired formulations* 

Pomiulations of the present Invention suitable for oral administration 
may be presented as discrete units such as capsules, cachets # tablets 
or lozenges, each containing a predetermined amount of the active 
compound; as a powder or granules; or a solution or suspension in an 
aqueous or non^aqueous liquid such as a syrup, an elixir, an emulsion 
or a draught. 



A tablet may be made by compression or moulding, optionally with one 
or more accessory ingredients* Compressed tablets may be prepared by 
compreasing in a suitable machine the active compound in a 
free-flowing form such as a powder or granules, optionally mixed with 
a binder, lubricant, inert diluent, surface active or dispersing 
agent. Moulded tablets may be made by moulding in a suitable machine a 
mixture of the powdered active compound with any suitable carrier. 

A syrup may be made by adding the active compound to a concentrated, 
aqueous solution of a sugar, for example sucrose, to which may also be 
added any accessory Ingredients* Such accessory ingredients (s) may 
include flavourings, an agent to retard crystallisation of the sugar 
or an agent to Increase the solubility of any other ingredients, such 
as a polyhydric alcohol for example glycerol or sorbitol* 

Formulations for rectal administration may be presented as a 
suppository with a conventional carrier such as cocoa bu'tter. 

Formulations suitable for parenteral administration conveniently 
-comprise a sterile aqueous preparation of the active compound which is 
preferably isotonic with the blood of the recipient* Such formulations 
suitably comprise a solution of a pharmaceutlcally and 
pharmacologically acceptable acid addition salt of a confound of the 
formula (X) that is isotonic with the blood of the recipient* 



wo 94/02483 



15 



PCr/GB93/01S12 



Ueeful formulations also compriee concentrated solutlone or sollde 
containing the compound of foroiula (Z) which upon dilution with an 
appropriate solvent give a solution for parenteral administration as 
above. 

Zn addition to the aforementioned ingredients r the formulations of 
this invention may further include one or more accessory ingredient (s) 
selected from diluents, buffers, flavouring agents, binders, surface 
active agents, thickeners, lubricants, preservatives (including 
antioxidants) and the like* 

In a further aspect the present invention provides the' use of a 
compound of formula (I) or a pharmaceutically acceptable salt or 
physiologically functional derivative thereof for the manufacture of a 
medicament for the treatment of tumours. 

The invention will now be illustrated by the following non-limiting 
Examples: 

o 

All temperatures are in degrees Celcius ( C) 

IR spectra were recorded on a Perkin-*Elmer 257 grating spectrophoto* 
meter or a Bruker FS66 spectrophotometer. 

U.V. spectra were measured in ethanol on a Unicam SP800 spectrophoto- 
meter. 

IH NMR spectra were obtained on a Bruker WM 360-HHR spectrophotometer 
at 360 MHz, or on a Bruker AC200 spectrophotometer at 200 MHs. J 
values are given in Hz. 

Mass spectra were obtained on Varian CB5D(EI), Kratos Concept (EI) or 
Kratos Ms50(FAB) instruments. 
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Example 1 

Prepara tion of Intermedla-taa 
Preparation of Pvrroleg 

Ethyl 4-acetyl-3, 5-dii&ethylpyrrole-2-earboxyIate, benzyl 4-acetyl- 
3 , 5-dimethylpyrrole«*2-carbojcylate and ethyl 4*acetyl-3-*ethyl-5*iiiethyl- 

pyrrole*2-carhoxylate> were prepared according to the method of 
A.W.Johnson et al, J. Chem . Soc . . 4254 (1958). 



N-Meth vlation of Pyrroles - General Procedure 

A mixture of the pyrrole (20 nmol) methyl iodide (50 mnol) and 
potassium carbonate (50 mmol) was heated to reflux in methyl ethyl 
ketone (SO ml) for 8 h. Zf TLC (toluene/ethyl acetate 3«1) indicated 
incomplete reaction, further aliquot s of methyl iodide (50 nmol) and 
potassium carbonate (50 mmol) were added and the mixture heated to 
reflux for a further 6 h» After evaporation in vacuo to dryness, the 
residue was taken up in warm water and extracted with ethyl acetate 
(3x50 ml). The combined extracts were dried over magnesium sulphate 
and evaporated ii| vacuo to leave a yellow oil or solid which was 
crystallised from aqueous ethanol. 

Ethvl 4»aeetvl"l . 3 . 5 -trlmethvlpvrrQle'»2*carboxvlate 

Obtained from ethyl 4*acety 1-3 , 5-*dimethylpyrrole-2-carboxylate as 
white crystals (2g; 41%) m.p. 61-62®C (Pound: C, 64.17; 7.82; N 

6.16 Ci2^17*'^3 64.55; H, 7.68; 6.27%) dg( (^H^J-DMSO) 

4.25 (2H, q, CR^CB^) , 2.10 (3H, S, 1-CH^), 2.43 and 2«42 (2 x 3H, 2 x 
s, 3-CH^ and OOCH^), 2.38 (3H, a, 5-CH^) and 1.29 (3H, t, CH^CH^); «/* 

(%) *224(I0i^, 100), 208(40), 194(20), 178(40) and 133 (20) (FAB) ; P 

«i **^^x 
(KBr Disc) /CM 2984, 1691 and 1651. 
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Benzyl 4-acetvl-'l . 3 , 5«»t:rime^hvlPvrrole-2'"Carboxvlat:e 

Obtained from benzyl 4-acetyl-3 , 5-dinie^yl-2->carboxylate ae white 

cryetalo m,p. 78-79^C (Found: 71.30; H, 6.74; 4.79; C H NO^ 

requires 71.56; H, 6.71; Nr 4.91%); 5„ ([ H^J-DMSO) 7.52-7.27 (5Hr 

ArH), 5.30 (2H, a, Cg^Ph), 3*73 (3H, e, 1-CR^), 2.42 (6H, s, 3-CH^ 

and COCH^) and 2.38 (3H, 8, 5-CH^); m/z (%) 285(76, M**^) , 270(87), 194 

(53), 178(23), 151(36), 136(26) and 91(100); p (KBr Disc)/ciD"^ 

masc 

2974, 1693 and 1641. 



Preparation of the S-Acetoxvmethvl^4"aeetvlovrroleB - General 
procedure . 

To a cooled (O^C) and stirred Buepeneion of the 4-aeetyl-^5- 

3 

methylpyrrole (0.02 mol) in dry diethyl ether (20 cm ) was added, 

dropwiee over 15 min, freshly distilled sulfuryl chloride (2.2 cm^, 

1.2S equiv.). The reaction mixture was stirred further and the 

chloromethyl derivative crystallised out slowly, filtration gave the 

5-chlororoethyl derivative as colourless crystals. The purity of the 

chloromethylpyrrole was checked by NMR spectroscopy (90 MH ) and it 

z 

was used directly without recrystallisatibn. 

The above chloromethylpyrrole (O.Ol mol) was added to a solution of 

3 

sodium acetate (3 g) in acetic acid (50 cm ), the mixture stirred for 
2 h and poured into ice-water (200 cm ) • The resulting solid was 
washed %iell with water until acid-free before drying. 

Ethvl 5-acetoxvraethvl-4-acetvl-3-raethvlPvrrole-2-earboxvlatc 
crystallised from benzene as colourless needles (1.87 g, 70%) m.p. 
135.5-138 °C (Pound: C, 58.6; H, 6.45; K, 5.15.C, ^H, ^NO^ requires C, 

lo 17 5 

58.4; H, 6.41; N, 5.24%) ; ^^(CDCl^) 9.57 (1 H, br s, NH) , 5.40 (2 H, 
s, CH OAc), 4.35 (2 H, q, OCH^CH,), 2.6 (3H, s, 3-Ca,) 2.5 (3 H, S, 



wo 94/02483 PCT/GB93/01512 

— 18 - 



COCH^), 2.17 (3H, 8, OOOCH^) and 1.4 (3H, t, OCS^CH^); m/z (%) 
267(83, M^), 224(46), 207(27), 178(100) and 162(42)* 



Benzyl 5«»aeefeoxvmethvl— 4'-acctvl»3~methvlPvrrolc~2-earfao3cvlate 



crya'kallifled from methanol aa colourlesa naedlea (2.34 g, 71%) m*p* 

138-141 (Found: C, 65.8; H, 5.95; N, 4.3 ^^B^ig^^S ^^^^^^ ^' 
65.64; R, 5.81? N, 4.25%); 5„(CDC1.) 9.44 (1 H, br 8 NH) , 7.49-7.32 (5 
H,in,ArH), 5.40 (2H,8,CH^OAC), 5.35 (2H, arCQ^Ph) , 2.62 (3H,B,3-CH^ ) , 
2.49 (3H,8,CH^CO) and 2.14 (3H,8,OCOCH^) ; m/z (%) 329 (9,M^), 286 
(13), 269(4), 178(19) and 91(100). 



In ^he case of benzyl 5-ace^oxyme^hyl-4-acet:yl-3-(2-me^hoxycarbonyl- 

B'thyl)— pyrrole-2-carboxylate, ^here wae no precipitation when the 

solution was poured into ice-water. Extraction with chloroform (3 x 
3 

100 cm ) , drying and removal of solvent under reduced pressure gave an 
oil which was crystallised from benzene-light petroleum to yield 
colourless needles (2.69g, 67%) m.p. 97-lOO^C (Found C, 62.9; H 5.9; M 
3.45. ^21^23^^7 C,62.8; H, 5.78; N, 3.49%); 5^(CDC1^) 9.15 

(IH, br s,HH), 7.50-7.30 (5H, m, ArH) , 5.35 (4 s, CT^Ph and 
CH^OAc), 3.63 (3 H, S, OCH^), 3.37 (2 H, t, CI^CR^CO) , 2.58 (2 H, t, 
CH^CX)}, 2.51 (3 H,s,C0CR^) and 2.15 (3 H,s,OCOCH^); m/z(%) 401(4, M^), 
341(8), 268(6) ,250(60) and 91(100). 



Ethvl S-acetoxvmethvl'-4-acetvl-l . 3-dimethvlPvrrole-2-carboxvlate 

Crystallised from ethyl acetate /cyclohexane (61%) m.p. 100-lOl^C. 

(Found: 59.38; H, 6.73; N, 4.95. ^X4^19^^5 ^^^^'^^ ^» 59.78; H, 

6.81; N« 4.98%); 5g( [^H^l-DHSO) 5.30 (2H, s, QB^OAc) , 4.29 (2H, q, 

ca^CB^), 3.77 (3R, a, N-CH^), 2.43 and 2.42 (2 x 3H, 2 x s, 3-CR^ and 

CH^CO), 2.02 (3B, s, OOOCB^) and 1.31 (3H, t, CH CH^); m/z (%) 281 

(34, M ), 238(100), 222(48) and 192(52); P (KBr Di8C)/cm 1712 and 

1697. 



Benzvl S-acetoxvmethvl-4-acetvl-l . 3— dimethvlPvrrole-2-carboxvlate 
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Cryatallised from ethyl acetate /eyclobexane. 5 ( [B] -OMSO) 

7.51-7.32 (5H^ m, ArH) , 5.34 and 5.32 (2 x 2H, 2 x 8, C^^^h and 

CH OAc), 3.78 (3H, 8, N-CH^), 2.46 and 2*45 (2 x 3H, 2 x b, 3-CH, and 

-I- ^ 

CH^CO) and 2.04 (3H^ e, OCOCB^); m/x (%) 343(5, M 284(100) and 91 

(95). 

Ethvl 5-aeet:Qxvm ethvl*>4-acctvl>3-ethvlPwrole-2-earboxvlat:c 

Crystallised from ether /petrol as fa%m needles (61%) with m.p. 97-98*^C 

(Found: C, 59.44; 6.78; U, 4.80. C24H3^9W05 requires: c/ 59.76; H, 

6.81; N, 4.98%); 5h (CDCl^) 9.40 (IH, br 8, 1-NH) , 5.38 (2H, a, 

CH^OAc), 4.38 (2H, q, J 7, CO^CH^), 3.10 (2H, q, J 7.5, S-cH^) , 2.54 

(3H, 8, COCH ), 2.18 (3H, 8, OCOCai,), 1.40 (3H, t, J 7.5, CO^Ch!.CH ), 

J 3 2 2 ""3 ' 

1.23 (3H, t, J 7.5, 3-CH2Cfl^); m/z (%) 281 (42, M ), 238(61), 221(89), 
206(58), 192(92), 175(95), 160(81), 147(59), 43(100); p (KBr 
di8C)/cm"^ 3277, 1738, 1674, 1657. 

SyntheBlB of the 3- f Pyrro l vlmethvl \ indole . 2- r Pvrrolvlmethvl \ benao- 

furan and 3-f Pvrrolvlmethvl^benz othiophene - General proeedure, 

A solution of the 5-acetoxyinethyl-4-acetylpyrrole (1.0 mmol) and 
indole (1.0 mmol) in 1,2-dichloroethane (10 cm^) was heated at gentle 
reflux and stirred with Montmorillonite clay (1 g) for le5-2 h. After 
filtration from clay and washing well with 1,2-dichloroethane, 
evaporation of the combined filtrates under reduced pressure gave an 
oil. This oil was submitted to flash chromatography on silica, eluting 
with ethyl acetate in light petroleum to give 3-»(3 '-acetyl-5 '- 
ethoxyearbonyl-4'-methylpyrrol-2'-ylmethyl) indole. It gave colourless 
crystals from ethyl acetate-light petroleum (0.1465 g, 45%). m.p. 
180-182^C (Found: C,70.5; H, 6.25; N, 8-65. C^9H2qN203 requires C, 
70.4; H, 6.21; N, 8.64%); ^^^(CDCl^) 8.78 (IH, s, pyr-NH) , 8.27 (1 H, 
8, ind-MH), 7.45 (IH, d, J7,4*H) 7.42 (IH, d, J7, 7-H), 7.25 (IH, t, 
J7, 6-H), 7.14 (IH, t, J7, 5-H) , 7.10 (IH, 8, 2-H) , 4.45 (2H, s, 
3-CH2)r 4.22 (2H, q, OCgi^CH^), 2.63 (3H, 8, 4'-CH3) 2.53 (3H, s, 
CH^CO) and 1.25 (3 H, t, OCE^CE^); m/z (%) 324(100, M^) 309(46), 
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277(25), 263(54), 250(38) ,235 (30) ,207(48) , 139(24) , 130(30) , 117 (67) and 

90(16); V (CBCl.)/em*^ 3490, 3430, 1680 and 1650. 
max 3 

Benzofuran (1*0 ns&ol) when used Instead of Indole r after chromato- 
graphy , gave 2- ( 3 ' -acety l«-5 ' •ethoxycarbonyl-'4 ' -methy lpyrrol-2 ' - 
ylmethyl) benzofuran (0.106 g, 32.6%), m*p. 124-127^C (Pounds C, 70.1; 
H, 6.1; K, 4.15 ^i9^i9^^4 nqulrea C, 70.14; H, 5.89; N, 4.31%); 
6^(CDC1^) 9.25 (1 H, B, HH), 7.50(1 fi, d, Jr7.3, 4*H) 7.44 (IH, d, 
J7.3, 7-H) 7.28-7.18 (2 H, m, 6-H and 5-H) , 6.57 (1 H, 8, 3-H), 4.50 
(2 H, 8, a-CH^)* 4.31 (2 H, q, oq^^CH^) 2.62 (3 H, 8, 4'-CH^) 2.50 (3 
H, 8, CH^CO) and 1.35 (3 H, t, OCH^GH^); saturation of the singlet 3*H 
at 5 6.51 enhanced the signals due to 4H at 57.50 (2.7%) and 2-08^ at 
6 4.50 (0.8%); m/z (%) 325(100, M^), 310(4) , 279 (29) , 264(17), 251(59), 
236(27), 208(19), 193(9), 131(7) and 118(7); and the 2,3-bis 
( 3 ' -acetyl-5 ' -ethoxycarbony 1-4 ' -methylpyrrol-2 ' -y Imethyl ) benzofuran 
(0.0238 g, 8.94%) m.p. 255-257®C; 6^ (CDCl^) 10.09 (1 H, s, NH) 9.95 
(IH, 8, NH), 7.32 (IH, d, J7.7, 4-H) , 7.27 (1 H, d, J7.7, 7-H), 7.17 
(1 H, t, J7.7, 6-H), 7.08 (1 H, t, J7.7, 5-H) 4.45 (2 H, S, ^'<SSi^\. 
4.40 (2 H, s, 3-CH2)# 4.36 (2H, q, oqi^CH^) , 4.27 (2 H,q,Oqg[2CH^>, 
2.64(3 H,S,4'--CR^), 2.63 (3H,8,4 '-CH^) , 2.58 (3H, 8, CH^CO) , 2.54 (3 H, 
8, CH^CO), 1.39 (3H, t, OCH^GH^) and 1.31 (3 H, t, OCH^CH^); m/z (%) 
532(11, M^), 490(24), 444(9), 397(6), 324(100), 282(18), 278(27), 
236(20), 209(28) and 162(28) (Founds M*^, 532. 2210. C H w requires 
M, 532.2209). 

When benzothiophene (1.0 nnol) was used in the same way ae indole, 
chromatography using ethyl acetate in dichloromethane as eluent gave 
colourless crystals of 3-(3 '-acety 1-5' -ethoxycarbonyl-4 '-methyl- 
pyrrol-2 '-y Imethyl) benzothiophene (0.0963g, 28.2%) m.p.X25-128^C 
(Founds C, 6675; B, 5.8; N,4.1 C^^H^^KO^S requires C, 66.84; H, 5.61; 
N, 4.10%); {^(CBCl^) 8.72 (1 H, br, 8, HH) , 7.88 (1 H, m, 4-H), 7.63 
(1 H, m, 7-H), 7.37 (2 H, m, 6-H and 5-H), 7.20 (1 H, s, 2-H), 4.54 (2 
H, 8, 3-CH2)# 4*23 (2 H, q, QC&^^\, 2.62 (3 H, s, 4'-CH^), 2.53 (3 

B, 8, GH.CO) and 1.28 (3 B, t, OCH^CQ^); saturation of the 3-CH^ 

3 . 2 3 2 

protons at h 4.54 enhanced the signals due to NH at 5 8.72 (3.3%), 4*H 
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at 6 l.BB (7.7%), 2-H at 6 7.20(6%) and CH.CO at 5 2.53 (1.3%); m/z 
(%) 341(100rM ), 326(9), 298(6), 295(20), 230(39), 267(46), 252(32), 
224(27), 194(26) and 148(22); and the 2,3-biB (3'-acetyl-5'^thoxy- 
carbonyl-»4'-methylpyrrol--2'*yIfiiethyI)bensothlophene aa a pale yellow 
solid (0.0264 g, 9.6%), m.p. 206-209^C (Pound: C, 65.6; H, 5.8; N 5.1 
^30^32^2^6^ requirea C, 65.67; H, 5.88; M, 5.11%), {^(CDCl^) 9.77 (IH, 
br, 8, NH), 9.43 (IH, br, 8, NH), 7.70 (1 H, m, 4-H), 7.49(1 H, m, 
7-K), 7.26 (2 H, m, 6-H and 5-H), 4.55 (2 H, 8, CH^), 4.53(2 H, 8, 
CH^), 4.32 (2 H, q, OCH^CH^), 4.24 (2 H, q, OCH^CH^), 2.61 (3 H, 8, 
4'-CH^), 2.60 (3 H, 8, 4'-CH^), 2.57 (3B, 8, CH^CO) 2.49 (3 H, 8, 
CH^CO), 1.35 (3H,t,OCH2CH^) and 1.28 (3H H,t,OCH2CH^) ;m/z(%) 
548(5, m'*'), 530(11), 340(100), 294(27) and 162(10). 

Example 2 

Synthesis of 3-fPvrroivlmethvHbengcthiopheneB and 3-fPvrrolvl— 
methvl > indoles 

a) 3> f 3 * -Aeetvl-5 ' >benzvloxvcarbQnvl-4 ^-^ethvlPvrrol-2 ' -vlmethvl \ 
benzothioohene 



A solution of the 5-acetoxyinethyl-4*acetylpyrrole (0.33g; 1.0 

imol) and benzothiophene (0.14 g; 1.05 mnol) in l,2»diehloro* 

3 

ethane (10 cm ) was heated at reflux and stirred with 
Montmorillonite KIO clay (1 g) for 2.5 h. After cooling and 
filtration from the clay, which was washed well with 
1,2-dichlorethane, the combined filtrates were evaporated under 
reduced pressure to leave a yellow oil. Flash chromatography 
on silica, eluting with diethyl ether/light petroleum (1:2) gave 
the title compound as a colourless solid. 

d„(CDCl^) 8.72 (IH, s, NH), 7.92-7.84 (IB, m, 4-*H) , 7.69-7.58 
(IB, m, 7-H), 7.43-7.16 (8H, m, 2-H, 5-H, 6«*H, ArH) , 5.23 (2H, 
8, CH^Ph), 4.50 (2H, 8, 3-<R^), 2.61 (3H, s, 4'-CR^) and 2.50 
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(3B, s, CH-OO); m/z (%) 403 (M-f, 100); p (KBr Disc) /cm 
3290, 1690 and 1659. 

b) 3- f 3 * ^Aeetvl^S ' ^ethoxvearbonvl^A * ine1:hvlpvirgol-2 ' -vlmetihvl \ 
cvanoindole 

A solution of ^he 5-ace'toxyiiie^hyl--4-*acetylpyrrole (0.7 g, 2.6 

nmol) and 5*>cyanoindole (0.41 g, 2.9 imol) in 1,2-dichloroe^hane 

3 

(50 cm ) was heated at reflux and stirred with Montmorillonite 

KIO clay (2.1 g) for 6 h. After cooling and filtration from the 

clay, which wae washed well with l,2*dichloroethane, the 

combined filtrates were evaporated under reduced pressure to 

leave an orange solid. Crystallisation from dichloromethane/ 

ethyl acetate yielded a small amount of analytically pure title 

compound as cream crystals. The evaporated mother liquors were 

submitted to flash chromatography on silica, eluting with 

dichloromethane /ethyl acetate (9:1) to give further product 

(0.65g, 71%). m.p. 213-214^C (Founds C, 68.60; H, 5.46| H, 

11.99. C^qH^^M^O^ requires 68.757 H, 5.48; H, 12.03%) 

5jj([^H^)-DMSO) 12.05 (IH, s, I'-NH), 11.38 (IH, s, l-NH) , 8.20 

(IH, 4-H), 7.50 (IH, dd, J0.7 and 8.5, 7-H), 7.39 (IH, dd, 

J1.7 and 8.5, 6-H), 7.18 (IH, s, 2-H), 4.32 (2H, s, 3-CH2 4.27 

(2H, q, CH^CH^), 2.33 (3H, b, 4'-CH^), 2.51 (3H, s, CH^CO) and 

1.30 (3H, t, CaSi^CR^)l «/« (%) 350(M*, 70), 302(16), 279(18), 

237(35), 208(100) and 181(20); P (KBr Disc)/cm*^ 3309, 2218 

siasc 

and 1665. 

c) 3-^12* -Acetvl-5 ' -ethoxve arbonvl~4 ' ^ethvlpvrrol-2 ' ^vlmethvl \ 
indole^S^'carboxvlic acid 

A solution of the 5-acetoxymethyl-*4-acetylpyrrole (0.74g, 2.8 

mmol) and indole-5-carboxylic acid (0.5g, 3 mmol) in toluene (50 
3 

cm ) was stirred at room temperature with Montmorillonite RIO 
' clay (1 g) for 10 days. After cooling and filtration from the 
clay, which was washed well with toluene, the combined filtrates 
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were evaporated under reduced pressure t.o leave an orange solid. 
crystallisation from ethyl acetate/ cyclohexane yielded the title 
compound as a grey powder (O.lSg, 15%). m.p. 227-228^C (Found: 

C, 64«96; H, 5.581 N, 7.34* ^^0^20^2*^5 "'l"^"^ ^' 65.21j 
5.47; 7.60%); [^H^l-DMSO) 12.35 (IH, br, CO^H) 12.04 (IH, 
s, I'-TODr 11.17 (IH, 8, 1-NH>, 8.31 (IH, d, J1.6, 4-H) , 7.70 
(IH, ddr J1.6 and 8.7, 6-H) , 7.37 (IH^ d, J8.7, 7-H), 6.98 (IHr 
s, 2-H), 4.36 <2H, s, 3--Ca^) , 4.26 (2H, C&^CB^) , 2.51 and 

2.31 (2 X 3H, 2 X 8, 4''^H^ and CH^CO) and 1.29 (3H, t^CH^CH^); 
m/z (%) 369(22(M+1)'*'), 351(37), 323(18), 305(19), 232(19), 

208(60) and 181(20), 162(100); ^'^^^(KBr DiBC)/cm"^ 3359 and 

Diax 

1676. 

d) 3<" f 3 * "Aeetvl-S ' -ethoxvcagbonvl-'4 * -inethvlPvrrol'''2 ' -vlmeth vl > -S-» 
brorao indole 

A solution of the 5-*acetoxyinethyl«*4«-acetylpyrrole (1.3g, 4.9 
mmol) and S^bromoindole (1.09g, 5.6 mmol) in l,2~dichloroethane 
(100 cm^) was heated at reflux and stirred with Montmorlllo* 
nite KIO clay (3 g) for 5 h. After cooling and filtration from 
the clay, which was washed well with 1,2-dichloroethane, the 
combined filtrates %iere evaporated under reduced pressure to 
leave a yellow solid. . Crystallisation from dichloromethane/ 
light petroleum/acetone yielded the title compound as cream 
crystals (0.33 g, 17%). m.p. 181-183^C (Pound: C, 56.24; H, 

4.70; N, 6.86. ^i9Hi9^^^2^3 '^^'SEtti^es 56.59; H, 4.75; N, 

6.95%); 5„((^H^]-OMSO) 12. OO (IH, s, I'-NH), 11.00 (IH, s, 
1-NH), 7.82 (IH, d, J1.9, 4-H) , 7.31 (IH, d, J8.6, 7-H), 7.16 
(IH, dd, J1.9 and 8.6, 6--H), 7.02 (IH, s, 2-H), 4.30 (2H, 8, 
3-CH2)r 4.28 (2H, q, COHU^CH^) #2.51 and 2.33 (2 x 3H, 2 x S, 
4'-CH^ and CH^CO) 1.31 (3H, t, CH^CH^) m/z (%) 404 and 402(100 
m"^), 389 and 387(24), 357(24), 330 and 328(32), 206(36) and 

178(26); P (KBr DiBC)/cm'"^ 3373 and 1672. 

max 
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Example 3 

a) Efehvl 3 . 4-diBiefchvlwrirolo r 3 , 2 . -b 1 earbagoIe-2-carboxvl ate 

A solution of 3* (pyrrolylne^hyX) indole (0.108 g 0.33 nmol) 

was headed at, gentle reflux in l,2«-dichloroetbane (10 cm^) and 

stirred with Montmorillonite KIO clay (1 g) for 2 h. TLC then 

showed a single conqpound had been formed and that reaction was 

complete. After filtration from clay and washing well with 

lr2*dichloroethane, evaporation of the combined filtrates under 

reduced pressure gave a ' yellow solid which crystallised from 

ethyl acetate to give the pyrrolo(3r2*b]->carbazole as yellow 

crystals (0.076 g; 75%), m.p. 209.5-211®C (Found: 74.6; H, 

6.14; », 9.03. ^19^3^3^202 requires C.74.S; H, 5.92; N, 9.14%); 

5jjt^H^J-DMSO) 11.22 (IHp 8, 1-NH) , 10.70 (1 s, 5-NH) , 8.06 

(IHr d, J7, 9-H), 7.85 (IH, e, 10-H), 7.40 (IH, d, Jl , 6-H) , 

7.35 (IH, tr Jl, 7-H), 7.08 (IH, t, J7, 8-H), A.3S (2B, q, 

O^CH^) 2.91 and 2.90 (2 x 3H, 2x5, 3-CH^ and 4-CH^ and 1.35 

(3 H, t, OCH2CH^). Saturation of the 10-H at d 7.85 enhanced the 

singlets due to 1-*NH at 5 11.22 (3%) and 9-»H at 6 8.06 (4%); 

m/2(%) 306(56, M^), 260(100), 323(39), 205(15), 140(18) and 

130(26); V (CHCl^)/cm''^ 3480 and 1700; X (EtOH)/nm 226, 268, 
max * ^ max- 

310sh, 327sh, 340, 390 and 4108h. 

h) Ethvl 3 . 4-diinethvl-lH-ben2of urof 3 , 2 , -f ] indole-2"Carboxvlate 

Toluene-p-sulfonic acid (50 mg) was added to a solution of the 

2-(pyrrolylmethyl)benzofuran (0.100 g 0.31 mmol) in toluene (10 

3 

cm ) , and the reaction mixture was heated under reflux for 3 h. 
On cooling, the product crystallised out, and after filtration 
and washing with ethanol gave the title compound as pale yellow 
crystals (0.084 g, 88.8%), m.p. 262-265^C (Founds C, 74.25; H, 
5.55; M, 4.6 C H Nq requires C. 74.25; H, 5.56; N, 4.56%); 
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H^}-DMSO) 11.52 (1 H, s, 1-NH) . 8.18 (1 H, d, J7.5, 5->H) , 
n o 

7.62 (1 H, d, J7.5r 8-H>, 7.46 (1 H, J7.5, 7-H), 7.38 (IH, t, 

J7.5, 6-H) 7.38 (1 H, 0, 10-H) ^ 4.37 (2 OQL^CH^), 3.14 (3 

H, Br 4-CH^)r 2.91 (3 Hr B, 3-CH^) and 1.39 (3 t, OCg^CH^); 

8aturat:ion pf ^he a^ 6 3.14 enhanced the aignals due to 

5-H at 6 8.18 (4.5%) and at 5 2.91 (2.6%); m/z (%) 307 

<53rM^)« 261(100), 233(31) and 205(9); v (NujoD/cm*^ 3350 and 

oiax 

1686; X (EtOH)/nm 240, 269,293,330 and 344. 
max 



c) Ethvl 3 . 4-dimethvl-lH-f llbenzothienof 2 , 3-f 1 indole-2-carboxvlate 

* ■ 

Toluene-p-Bul£onic acid (45 mg) was added to the solution of the 

3-(pyrrolylnethyl)benzothiophene (0.100 g, 0.29 nmol) in toluene 
3 

(10 cm ) and the reaction mixture was heated under reflux for 3 

h. Evaporation of the solvent and washing the resulting solid 

with ethanol gave the title compound as a pale yellow solid 

(0.0758 g, 80%), ro.p. 191-193 ®C (Found: C,70.3; H 5.5; N, 4.2. 

C^^H^^NO^S requires C, 70.6; H, 5.30; N, 4.33%); Jgd^H^ J-DMSO) 

11.64 (1 H, S, NH), 8.25(1 H, m, 9-H) , 8.12 (1 H, s, 10-H) 7.95 

(1 H, m, 6-H), 7.48 (2 H, m, 7-H and 8-H) , 4.38 (2 H, q, 

OCg^CB^), 2.87 and 2.85 (2 x 3H, 2 x S, 3-CH^) and 1.37 (3 H, t, 

OCH^CH^); «/* (*) 323(53, M*), 277(100), 249(33), 221(15), 139(7) 

and 111(11); v (Nujol)/cin"^ 3350 and 1686; X (BtOH)/ nm 

max • " ' max 

240,269,293,330 and 344. 

d) Benzyl 3 ^ 4-dimethvl-lH- f nbenzothienof 2 . 3-f 1 indole-2«'Carboxvlate 

Toluene-p-sulphonic acid (40 mg) was added to the solution of 

the 3-(pyrrolylmethyl)benzothiophene (0.100 g, 0.25 mmol) in 

3 

toluene (12 em ) and the reaction heated under reflux for 6 h. 

Evaporation of the solvent and washing the resultant solid with 

ethanol gave the title compound as a pale yellow solid (0*02 g, 

20%) m.p. 203-204**C (Found: C, 74.7; H, 4.9; N, 3.6; C^^H^^NO^S 

2 24 19 2 

requires C, 74.8; R, 5.0; N, 3.6%); 6 (( H^]-DKSO) 11.64 (IB, 
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a, NH) 8.27-8.15 (IH, m, 9-H), 8.10 (IH, a, 10-H) , 7.90-7.89 

(IH, m, 6-H>. 7.60-7.30 {7Hr m, 7-H, 8-H, ArH) ^ 5.40 (2H, 8, 

CH^) and 2.87 (6H, a, 2 x CH^); m/z (%) 385(100, m'*'), 277(89), 

248(25), 221(15) and 91(28); v (KBr Diac/cn*^ 3331 and 1672. 

max 

e) gfchvl e-cvano-3 , 4-dijpe^hvlpvrrolo f 3 , 2-b 1 carbazole-2-earboxvlafce 

A mixture of the 3- (pyrrolylmethyl) indole (0.6 g, 1.7 mmol) and 
Montmorlllonite KIO clay (2 g) in toluene wae stirred and heated 
^9^^:^ 24 h. After cooling and filtration from the clay, 
which waa washed well with toluene, the combined filtratea were 
evaporated under reduced pressure to leave a brovm solid which 
was submitted to flash chromatography on silica, eluting with 
cyclohexane/ethyl acetate (3:1) to give a yellow aolid. 
Crystallisation from cyclohexane/ethyl acetate yielded the title 
compound as a yellow powder (0.030 g, 5%). m.p. >240^c (Founds 
C, 71.54; H, 5.18; N, 12.78, ^20^11^2^2*^ '^^2^ requires C, 

71.71; H, 5.24; N, 12.54%) l^H_ 1-DMSO) 11.39 (IH, 8, 1-NH), 

a o 

11.29 (IH, s, 5*NH), 8.65 (IH, d, J1.7, 9-H) , 8.01 (IH, s, 
10-H), 7.71 (IH, dd, J1.7 and 8.6, 7-H), 7.50 (IH, d, J8.6, 
6-H), 4.36 (2H, q, CH^CH^), 2.91 and 2.89 (2 X 3H, 2 x 8, 4-CH^ 
and 3-CH3) ^'^^ ^' CH2Ca3); m/z (%) 331 (52.m'*^) 

285(100), 256(32), 229(12), 167(14) and 149(40); p (KBr 

ma x 

Di8C)/cm^ 3414, 3550, 2212 and 1664. 

f ) 3 . 4-Dimethvl-2- ethoxvcarbonvlPvrrolQf 3 . 2-b1 earbsMle-a- 

carboxvlic acid 

A mixture of the 3- (pyrrolylmethyl) indole (O.lg, 0.3 mmol) and 
Montmorlllonite KIO clay (0.34 g) in toluene (15 cm^) was 
stirred and heated at reflux for 6 h. After cooling and 
filtration from the clay, which was washed well with toluene, 
the combined filtratea were evaporated under reduced preaaure to 
leave an orange solid. Crystallisation from methanol /dichloro- 
methane yielded the title conpound as a yellow powder (0.027 g. 
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28%). m.p. >260^C (Found: C, 68.12; H, 5.19; N, 7.91 

C-*«H,^N^O^.O. 05H.O requlreB 68.39; H, 5.19; N, 7.98%); 5„ 

20 18 2 4 2 H 

( [HK-DMSO) 12.42 (IH, hT, COOH), 11.30 (IB, S, 1-HH) , 11.09 
o 

(IB, 8, 5-NH), 8.68 (IB, 8, 10-B) , 8.07-7.93 (2B» 7-B and 

9-B), 7,45 (IH, d, J9, 6-B) , 4.38 (2H, q, CH^CB^) , 2.94 and 2.90 

(2 X 3B, 2x8, 4-CB^ and 3-CB^) and 1.39 (3B, CB^qg^); m/s 

(%) 350(100, M^)r 304(100), 278(40), 232(35) and 181(38); P^^^ 

Biax 

(KBr Dl8C)/cm*^ 3459, 1697 and 1674. 



g) Ethvl 8-bromo-3 . 4-dimet:hvlDvrrolo f 3 . 2*"b 1 carbazole-2-carboxvlate 

A mix'ture of the 3- (pyrrolylmethyl) Indole (0.39, 0.74 mmol) and 

Hontoorlllonxte KID clay (1 g) In tioluene was stirred and heated 

at reflux for 6 h. After cooling and filtration from the clay, 

which was washed well with toluene, the combined filtrates were 

evaporated under reduced pressure to leave a broim solid which 

was submitted to flash chromatography on silica, eluting with 

dichloromethane/light petroleum (7s3) to give a yellow solid. 

Crystallisation from cyclohexane/ ethyl acetate yielded the title 

o 

compound as a yellow powder (0.070 g, 24%). m.p. 204-205 C 
(decomp.) (Found: C, 59.17; B, 4.43; N, 7.30. ^X9^x7^^^2^2 
requires C, 59.23; B, 4.45; N, 7.27%); 5„( (^B. ]-DMSO) 11.26 (IB, 
8, l-NB), 10.79 (IB, 8, 5-NB), 8.30 (IH, d, J2.2, 9-B), 7.92 
(IB, 8, io-B), 7.47 (IB, dd, J2.2 and 8.8, 7-B), 7.35 (IB, d, 
J8.8, 6-B), 4.36 (2B, q, Cg^CB^), 2.89 and 2.88 (2 x 3H, 2 x s, 
4-CB^ and 3-CH^) and 1.38 (3B, t, CB^CB^); m/z (%) 386 and 
384(100, M^), 340 and 338(70), 232(60) and 181(50); l'^^(KBr 
Di8C)/cm*^ 3350, 1705 and 1663. 
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Example 4 

One^pot: Synfeheeig of -fche Pvxrolocarbazolefl - General procedure. 

A solution of Indole (l.O imol) and the 5-aeet03eymethyl-4- 

3 

acetylpyxrole (1*0 mmol) in l,2-*dichloroethane (10 cm ) was heated 
under gentle reflux and stirred with Montomorlllonlte KIO clay (1 g) 
. for 3-4 h. The colour of clay turned light brown and the reaction was 
followed to completion by TLC. After filtration from clay and washing 
well with l«2-dichloroethane, evaporation of the combined filtrates 
gave the pyrrolo[3,2*^]carbazole8 which were obtained as yellow 
crystals after crystallisation from dichlorcunethane or ethyl acetate. 

a) Ethvl 3 , 4^dimethvlPvrrolo f 3 . 2 . -b l carbazole"'2«'Carboxvlate 

(0.199 g, 65%) was obtained from the reaction of indole and the 
5-*acetoxymethyl«*4*aeetylpyrrole« It was identical in all 
respects to the pyrrolo{3#2-b)carbazole from example 1. 

■ 

b> Benzvl 3 > 4-dimethvlpvrrolor 3 . 2-bl carbazole-2-carboxvlate 

(0.179 g, 48.8%) was obtained from the reaction between indole 
and the 5-acetoxy»ethyl*4-acetylpyrrole, it had m.p. 229-*232^C 



5.47; Nr7.60%); H^l-DMSO-d^) 11.29 (1 H, s, 1**NR), 10.65 

(1 R, 8, 5-liH),8.08 (1 H, d, J8, 9-H), 7.89 (1 H, s, 10*H), 
7.56-7.34 (7 H, m, ArH, 6-H and 7-a) , 7.08 (1 t, Jl , 8-H), 
5.42 (2 s, CH Ph> and 2.92 (6H, s, 3-CH and 4-GH^); m/z (%) 
368(74, M ), 354(10), 260(100), 246(13), 231(20) and 91(31). 




The pyrrolo(3,2<-b]carbazole (0.166 g, 45%) was also obtained 
from the reaction of indole and the 4-acetyl-5-(ethoxymethyl)- 
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c) Ethvl 8-niethoxv~3 - A-dtmeth vlpvrrolo f 3 . 2-b 1 carba»ole-2-carboxvlate 

Was obtained from the reaction of Smethoxyindole and the 
S-acetoxyiDethyI'4-acetyl pyrrole. It had m.p. 119-122 C (Found: 
C,71.6? H, 6.0,« N, 8.05. C^qH^qN^O^ requires C, 71.4; H, 5.99; 
H, 8.33%); <5„([^H--DIIS0) 11.20 (1 H, a, l-HH), 10.38 (1 H, a, 
5-NH), 7.85(1 Hr B, 10-H> , 7.62 (1 d, J 2.5, 9-H) , 7.31 (1 

J9, 6-H), 7.01 (1 H, dd, J9 and 2.S, 7-H), 4.38 (2 q, 
OCT^CH,), 3.88 (3 H, 8, OCH > , 2.89 and 2.87 (2 x 3H, 2 x S, 
3-CH2 and 4-CH^) and 1.39 (3 H, OCH^CH^)? m/z (%) 336(60, M ), 
290(100), 275(5), 262(4), 247(23), 219(8) and 145(9). 

d) Benzyl 8-methoxv-3 . 4-dimethvlDvrrolo f 3 , 2-b 1 carb azole-2-earboxv. 
lat:e 

(0.139 g, 35%) was obtained £rom 1:he reaction of 5-methoxy 
Indole and the 5-acetoxymethyl->4-acetylpyrrole, it had m.p. 
212-215*^C (Pound: C, 75.4; H, 5.55; N, 6.95. C^gH^^N^O^ requires 
C, 75.4; H, 5.57; M, 7.03%); 5jj( [^Hgl-DKSO> 11.29 (1 H, 8, 
1-NH), 10.38 (IH ,B,5-NH), 7.88 (1 H,B,10-H), 7.65 (1 H, d, 
J2.5, 9-H), 7.58-7.36 (5H, m, ArH) , 7.32 (IH, d, J9, 6-H), 7.02 
(1 H, dd, J9 and 2.5, 7-H) , 5.43 (2 B, s, ^Ph) , 3.88 (3 B, s, 
OCH^), 2.92 (3 H, 8, ^^CH^^ ®' S-CH^); m/z (%) 

398(73, M*), 290(100), 262(10), 247(15), 219(7) and 91(17). 

e) Ethvl 8-f luoro-3 . 4-dimethvlPvrrolo f 3 . 2-b 1 earbazole-2-'carboxvlate 

(0.131 g, 40.5%) was obtained from the reaction of 5-fluoro- 
indole and the 5-acetoxymethyl-4-acetylpyxrole, it had m.p. 

231-234°C (Pound: C, 70.5; B, 5.3; N, 8.4. ^^g^i'j™2^2 "9^^*^®® 

C, 70. 4;, H, 5. 28; N, 8.64%); 5^[^H^]-DMSO) 11.27 (1 B, s, 1-NB), 

n o 

10.64 (IB, 8, 5-NB), 7.93 (1 B, dd, J9 and 2.5, 9-B) , 7.88 (1 B, 
8, 10-B), 7.36(1 B, dd, J9 and 6,6-B), 7.19 (1 B, dt, J9 and 
2.5, 7-B), 4.36 (2 B, q, OQi^CB^), 2*86 (6 B, 8, 3-CB^ and 
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4-CH2) and 1.37 (3 H, OCU^CH^) ; m/z {%) 324(50,m'^) 278(100), 
250(31), 220(10), 139(8), 125(7) and 111(8) 

^) Benzvl 8»f luo ro-3 , 4-dimefchvlpvrrolo f 3 , 2-b 1 earbagole^a-carboxy 
late 



(0.155 9, 40%) was obtained from 5-f luoroxndole and the 
acetoxyiiiethyl-4-acetylpyrrole, it had m.p. 217-219°C (Pound: C, 
74.6; H, 4.95; N, 7.3. C^^H^^FN^O^ requires C, 74.6; H, 4.96; N, 
7.25); SjjI^H^l-DMSO) 11.36 (I H, s, 1-HH) , 10.86 (1 H, S, 5-NH) , 
7.94 (1 H, dd, J9 and 2.5, 9-H) , 7.89 (1 H, s, 10-H), 7.56-7.38 
(5 H, m, ArH), 7.39 (1 H, dd, J9 and 4,6-H), 7.21 (1 H, dt, J9 
and 2.5, 7-H), 5.42 (2 H, s, CT^Ph), 2.91 and 2.90 (2 x 3H, 2 x 
S, 3-CH2 4-CH^); m/z (%) 386(68, m'*') , 278(100), 249(22) and 

91(43). 

9) Ethvl 3,4, 6-trlmethvlpv rrolo f 3 . 2'-b 1 carbazole-2-carboxvlate 

(0.206 g, 64.4%) was obtained from the reaction of 7->methylin- 
dole and the 5-acetoxymethyl-4-acetylpyxrole, it had m.p. 230®C 
(decomp. ) (Found: C, 74.9; H, 6.25; N, 8.65. C^qH^qN^O^ requires 
C, 75.0; H, 6.29; N, 8.74%); 6jj( I^Hg)-DMSO) 11.20 (1 H, S,1-1IH), 
10.11 (1 H, 8, 5-NH), 7.89(1 H, d, J7.5, 9-H), 7.84 (1 H, S, 
10-H), 7.18 (1 H, d, J7.5, 7-H) , 7.01 (1 H, t, J7.5, 8-K) , 4.37 
(2 H, q, OCH^CH^), 2.98 (3 H, a, 4-CH^), 2.91 (3 H, s, S-CT^), 
2.58 (3 H, 8, 6-CH2) and 1.34 (3 H, t, OCH^Ca^); m/z (%) 
320(54, K^), 274(100), 246(30), 230(5), 137(9), 123(7) and 
109(6). 



h) Benzvl 3 , 4 > 6-t rimethvlpvrrolo r 3 , 2-b1earba2ole^2-earboxvlate 

(0.167 9. 43.7%) was obtained from the reaction of 7-methylin- 

dole and the 5-acetoxymethyl-4-acetylpyrrole, it had m.p. 222°C 

(decomp.) (Found: C, 78.5; H, 5.9; N.7.25. C^^H^^N^O^ requires 

2 25 22 2 2 

C, 78.5; H, 5.80; N, 7.33%); HgJ-DMSO) 11.27 (1 H, s. 
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10.11 (1 H, 8, 5-NH), 7.89 (1 H, J7, 9-H), 7.85 (1 
8, 10-H), 7.56-?7.35 (5 H, m, ArH) , 7.18 (IH, Jl , 7-H), 7.08 
{in, J, 8-H>, 5.43 (2H, 8, CH^Ph) ^ 2.99 (3H, s, 4-CH2), 2;93 
(3 H, 8, 3-CH2> and 2.59 (3 8, S-CH^); m/z (%) 382(71, M***) 
274(100), 246(19) and 91(22). 

^) fifiOSZl 3- ( 2^!fiQthoxvearbonvlethvl \ >4-niet:hvlpvrrQlo f 3 . 2>bl earba- 

zole-2-earboxvIat:e 

(0.230 9, 52.3%) was obtained from Indole and the 5-acetoxy- 
methyl-4-acetylpyrroie, it had m.p. 211-213®C (Found: C, 73.7; 
H, 5.6? U, 6.2. ^27^24*^2^4 ^' 73*6? H, 5.49? N, 6.36%)? 

Sjj' I^^fil^^^^) 11»51 (1 H, 8, 1-NH), 10.71 (1 H, 8, 5-NH), 8.75 
(1 H, d, a7.5, 9-H). 7.92 (1 H, e, 10-H) , 7.57-7.44 (7 H, m, 
ArH, 6-H and 7-H), 7.18 (1 H, t, J7.5, 8-H) , 5.43 (2 H, 8, 
qa^Ph), 3.63 (3 H,8,OCR^), 3.59 (2 H, pazrtially obecured, t, 
Cg^CH^CO), 2.88 (3 H, 8, 4-CH^) and 2.65 (2 H, t, CH^CO) ; m/z{%) 
440(100, H*^), 332(20), 290(47), and 91(57). 

j) Ethvl 3.4, 5-tr i methvlpvrrolo f 3 . 2-b 1 eag'ba2:ole-2~earboxvlate 

(0.140 g, 16%) was obtained from the reaction (2.65 nmol scale) 
between N-methyl indole and the 5-acetoxymethyl-4«-acetylpyrrole, 
it had m.p. 208^0 (decomp. ) (Founds C, 75.12; H, 6.40; N, 8.69, 
^20^20^2^2 ^' 74.98; H, 6.29; N, 8.74%); 5^( (^H^J-DMSO) 

11.28 (IH, 8, 1-NH), 8.08 (IH d, J7.9, 9-H), 7.88 (IH, 8, 10-H) , 
7.44 (2 H, m, 6-H, 7-H) , 7.07-7.17 (1 H, m, 8-H), 4.36 (2 H, q, 
CH^CH^)^ 4.01 (3H, 8, 5-CH3), 3.13 (3H, 8, 4-^^), 2.90 (3H, 8, 
S-CH^), and 1.38 (3H, t, CH^CH^); m/z (%) 320(72, M*), 274(100), 

245(16), 149(28) and 137(12); «'„^(KBr Disc)/cm'^ 3329 and 1670. 

max 

Ic) Benzvl 3.4. 5-tr imethvln vrrolo f 3 . 2*>b 1 eagbazole-2-earboxvlate 

(0.220 g, 57%) was obtained from the reaction between N-methyl 
indole and the 5-acetoxymethyl«*4— aeetylpyrrole in toluene at 
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55^C, catalysed by toIuene-4-8ulphonic acid, it had m.p. 
228-229°C (Found: C, 77. 17; H, 5.73; 7.09. C2gH22^2^2'^*^^ 

H^O requires 77.31; 5.88; 7.21%); 6g{ [^H^l-DMSO) 11.28 
(IHr B, 1-MH), 8.03 (IH, d^ J7.S, 9-H> , 7.88 (IH, 10-H) , 

7.56-7.34 (7H, m, hrR, S-H, 7-H) , 7.15-7.07 (IH, 8-H), 5.40 
(2H,o, ga^^h), 4.02 (3H, 8, 5-CH ) , 3.14 (3H, b, 4-^^) and 2.91 

(3H, fl, 3-CH^); m/z {%) 382(72, M ), 291(4), 274(100) and 91(34); 

^ -1 

p (KBr Disc) /cm 3337 and 1674. 
max 

1) Ethvl 1,3, 4-t:rijmefchvlpvrrolQf 3. 2*blcarba2ole->2-carboxvlate 

(0.060 g, 7%) was obtained from the reaction (2.5 mmol scale) 
between indole and the 5-acetoxymethyl-4-acet:ylpyrrole, it had 
ra.p. 188-189®C (Found: C, 74.86; H, 6.32; N, 8.65), So^20^2°2 
requires C, 75.98; H, 6.29; N, 8.74%); 6jj( (^H^ J-DMSO) 10.66 (1 
H, s, 5-NH), 8.14 (1 H, d, J7.7, 9-H) , 8.03 (IH, s, 10-H), 
7.45-7.31 (2H, m, 6-H, 7-H) , 7.06-7.15 (1 H, m, 8-H) , 4.38 (2 H, 
q# CH^CH^), 3.98 (3H, a, 1-CH^>, 2.91 (3H, e, 4-CH^), 2.83 (3H, 
8, 3-CH ) and 1.38 (3H, t, CH qi^); m/z (%) 320(m'*^,100), 
306(10), 292(30), 247(8) and 231(10); P (KBr Di8C)/cm 3385 
and 1657. 



m) Benzvl 1.3. 4-tgimethvlPvrrolo f 3 . 2-b 1 carba2ole^2-carboxvlate 



(0.240 g, 28%) was obtained from the reaction (2.7 mmol scale) 
between indole and the 5-acetoxymethyl-4-acetylpyrrole, it had 
m.p. 186-187^0 (Found: C, 78.63; H, 5.83; N, 7.32, ^25^22^2^2 
requires C, 78.51; H, 5.80; N, 7.32%); 5g( [ ^H^]-DMSO) 10.66 (IH, 
8, 5-NH), 8.14 (1 H, d, J7.4, 9-H), 8.02 (1 H, a, 10-H), 
7.56-7.31 (7H, m, ArH, 6-H, 7-H), 7.06-7.15 (1 H, m, 8-H), 5.41 
(2B, 8, CH.Ph), 3.98 (3H, 8, 1-CH^), 2.90 (3H, 8, 4-CH ) and 
2.83 (3H, 8, 3-CH^); m/z (%) 382(M ,100), 338(10), 291(44), 
247(18) and 231(10); P (KBr Di8C)/em~^ 3443 and 1697. 



n) Ethvl 1,3.4. S-t *H>y3itipoi- hvlpvgrolo r 3 , 2-b I carbazole-2-earboxvlate 
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(0*220 g, 30%) was obtained from the reaction (2*2 nanol scale) 
between N«*iiiethyl Indole and the 5— acetoxyBiethyl-4-aeetylpyrrpIe, 
It had m.p. 165.5-167^C (decamp.) (Founds C, 75*50: H, 6.65; 

8*30, ^21^22^2^2 ^^^^^^^ 75*47; 6*63; N, 8*38%); 
$^( (^Hgl-DMSO 8.15 {IB, d, J7*5, 9-H) , 8.07 (IH, B, 10«H) , 
7.50-7*38 (2H, 6-*H, 7-*H), 7*09-7*19 (1 H, m, 8-H) , 4*38 (2 H, 
Cg^CH^)* 4-03 (3H, 8, 5-CH^), 3*96 (3H, 8, l-CH^), 3*14 (3H, 

8, 4-CH ), 2*84 (3H, 8, 3*CR ) and 1.39 (3H, t, CR CH,); m/z (%) 

^ + ^ ^ -I 

334(100, M ), 306(18) and 245(6); V „(KBr 0l8C)/cm 1690 and 

1528. 



o) Benzvl 1.3.4. 5-tetramethvlPvrrolo f 3 , I earbazoIe-2-carboxvlate 



(0.070 g, 13%) was obtained from the reaction (1*4 mmol scale) 

between N-methyl indole and the 5-acetoxymethyl-4-acetylpyrroler 

it had m*p* 196-198^C (Found: 78.45; H, 6.16; N, 6*94, 

C^gH^^N^O^ requires C, 78*76; H, 6.10; N, 7*07%); dg( (^Hg]-DMSO) 

8.15 (1 H d, J7.8, 9-H), 8.07 (I B, s, 10-H) , 7.59-7.29 (7H, m, 

ArH, 6-H, 7-H), 7*10-7*20 (1 H, m, 8-H) , 5.42 (2H, 8, Qi^Ph) , 

4.03 (3H, 8, 5-CH ), 3*97 (3H, s, 1-CH,), 3.13 (3H, s, 4-CW,) 

and 2.83(3H, e, 3-CH ) ; m/z (%) 396(100, M ), 305(38), 245(16) 

and 235 (10); I' KBr Disc) /cm 1696 and 1529. 

max 

p) Benzvl 3 . 4-dimethvl-S- ( 4-tolueneBulphonvl ) pvrrolo f 3 . 2-b 1 carba- 
zo 1 e— 2 — carboxv 1 ate 



(0*012 9, 4%) was obtained from the reaction (0.6 mmol scale) 

between N-(4- toluenesulphonyl ) indole and the 5-aeetoxynethyl* 

4-acetylpyrrole, it had m*p* 270^C (Found: C, 70*83; H, 5*01; N, 

5.23, C^i^^^N^O^S requires C, 71.24; H, 5.01; N, 5*36%); 6 

„((^H.)-DMSO) 11*58 (IB, 8, N-R) , 8.28-8.08 (3B, m, 6-B, 9-R, 

10-B), 7.66-7.21 (IIH, m, ArB, TsB, 7-B, 8-B) , 5.40 (2B, 8, 

Ca^Ph), 3.04 (3H, 8, 4-CB^), 2.88 (3H, 8, 3-CB^) and 2.20 (3B, 

8, Te-GB^); m/z (%) 523(30, (M-fl) , 446(20), 367(30), 348(56), 

-1 

33(100), 295(30) and 274(90); p (KBr Di8C)/cm 3558 and 1666. 

max 
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q) Efchvl 7-acetoxv-3 . 4-dimethvl-6-met hQ3CYtyyrrQlo f 3 . 2-b 1 carbazoXe 
^2-carboxvlate 

(7%) obt;ained from the raaction between 6-aeetoxy-7-raet:hoxy- 
indole and the 5-acetojeymethyl-4--acetylpyrrole, it had m.p. 
241-244°C. 5g (CDCl^) 8.59 (IH, S, br^ NH) ^ 7.78 (IH, 8, br, 
KH), 7.76 (IH, 8, 10-H), 7.74 (IH, d, J8, 9-H) , 6.88 (XH, d, J8, 
8-H)r 4.44 (2H, C^CB^) , 4.04 (3H^ 8, 6-OCH3), 2.96 and 2.92 
(2 X 3H, 2 X 8, 4-CH2 and ^-ca^) , 2.42 (3H^ s, 7-CH^COO) and 

1.46 (3H, t, CH-CHir*)? (%) 394 (100, m"*"), 352 (47), 348 (33), 

■" "'" ■ 2 ■ 3- ■ - -■ ■• -■ ■ - • ■- -- 

306 (87), 263 (21) and 87 (73); P ^(Nujol)/cm 3413, 3341, 

ID ax 

1739 and 1675; P (MeOH)/nm 405, 386, 339, 325, 305; 269, 240 

nciax 

and 226. (Founds M^, 394, 1529. C22H22N2^5 394.1529). 

r) Ethvl 9«^ethoxv-3 . 4 . 5-trimethvlpvrrolo f 3 . 2-b \ carba2iole-2-ear- 
boxvlate 

obtained from the reaction between 4-methoxy-l-nethylindole and 

o 

the 5-acetoxymethyl-4-aeetylpyrroler it had m.p. 263*266 C 
(Founds C, 71.84; H, 6.34; N, 7.91. ^21^22^2^3 ^^^^^^ 
71*98; H, 6.33; N, 7.99%; (CDCl^) 8.60 (IH, 8, br, NH) , 8.15 
(IH, 8, 10-H), 7.40 (IH, t, J8, 7-H) , 6.95 (IH, d, J8, 6-H) , 
6.66 (IH, d, J8, 8-H), 4.43 (2H, q, OCM^CH^), 4.10 and 4.04 (2 x 
3H, 2 X 8r N-CH. and OCH.), 3.19 (3H, 8, 4-CH ) , 2.98 (3H, 
3-CH^) and 1.46 (3H, t, OCH^Ca^); m/x (%) 350 (74, M ), 304 
(100), 276 (17), 223 (10) and 152 (19). 



8) Benzyl 8*chIorO"3 , 4-dimethvlpvrrolor 3 . 2-b1carbazole-'2-carboxv 

(0.069 g; 17%) was obtained frcm the reaction between 
5-chloroindoie and the 5-ae6toxymethyl-4-acetylpyrrole, it had 
m.p. 215-220^C. (decomp.). (Found: C, 71.42; H, 4.96; N, 7.11, 
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C^^H^^ClN^Oj roquiree 71.55; 4.75; N, 6.95%); 



( [R] -DMSO) 11.39 (IBr 8, 1-NH), 10«84 (IH, 5-NH) , 8.17 (IH, 

8, 9H), 7.93 (IH, 8, 10-H), 7*54 (IH, d, Jl , 7-H), 7.48-7.34 

(6H, m, ArH and 6*H), 5.42 (2H, b, CH^Ph) and 2.88 (SH, b, 3-CH^ 

and 4-CB^); m/z (%) 402 (30, m'*'), 358(5), 294 (65), 267 (25) and 

91 (100). The erys'talllsa^lon liquors were submitted flash 

chromatography on silica. Elut:ion with ethyl acetate/ light 

petroleum yielded further title cooqpound which was crystallised 

from ethyl acetate (0.030g; 7%) and 3- f 3 ^ -aeetvI'-S ' ">ben2vloxv- 

carbonvl-4 * »methvlPvrrol-2 ' -vlmethvl \ — S—chloroindole as cream 

o 

coloured crystals (0.1529; 36%) m.p. 141-143 C (Found: 68.20; 
H, 5.18; N, 6.60; C^^H^^CIN^O^ requires C, 68.49; H, 5.03; N, 
6.65); 2 (CDCl.) 8*72 (IH, 8, I'-NH), 8.26 (IH, 8, 1-NH), 7.38 
(1H» d, J2, 4-H), 7.35 (6H, m, ArH and 6-H) , 7.18 (IH, dd, J8 
and 2, 2-H) , 7.09 (IH, d, J2, 2-H), 5.23 (2H, s, CH^Ph), 4.39 
(2H, 8, 3-CH ), 2.64 (3H, 8, 4'-CH.) and 2.52 (3H, S, CH CO); 
m/z (%) 420 (20, M ), 405 (10), 311 (20), 151 (15) and 91 (100). 



t ) Ethvl 3 . 4-dimethvl-8-hvdroxvDvrrolo f 3 . 2-b 1 carbazole-2-carboxv^ 
late 

Obtained from the reaction between 5-hydroxyindole and the 
5-acetoxymethyl-4-acetylpyrrole and crystallised from methanol, 
it had m.p. 250^0 (decon^.) 5„[^H^]-DMSO) 11.11 (IH, 8, 1-NH), 
10.21 (IK, 8, S-NH), 8.83 (IH, s, OH), 7.73 (IH, S, 10-H) , 7.37 
(IH, d, J2.5, 9-H), 7.21 (IH, d, a8, 6-H), 6.87 (IH, dd, J8 and 
2.5, 9-H), 7.21 (2H, q, OCH^CH^), 2.87 (3H, 8, 4-CH^), 2.84 (3H, 
8, 3-CH ) and 1.38 (3H, t, OCH^CH ) ; m/z (%) 322 (69, M**"), 276 
(100), 248 (24), 220(3) and 138 (15); (Found: M , 322. 1322 

^19^18^2^3 222 • 1317). Also isolated from the 

reaction was 3- f 3 ' -aeetvl-S ' — eth03Cvearbonvl-4 * -methvlpvrrol-2 ' - 
ylmethyl \ -S-hvdroxvindole . it had m.p. 99-102^0 (Found: C, 66.89; 

H, 6.17; N, 8.03. ^X9^20^2^4 ^^^^^^^ ^' 67.04; H, 5.92; N, 
8.23%) 5_(CDC1,) 8.84 (IH, S, 1«-NH), 8.14 (IH, a, 1-NH) , 7.20 
(IH, d, J8, 7-H), 7.10 (IH^ d, J 2.5, 2*H), 6.81 (IH, d, J1.5, 
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4-H), 6*79 (IH, dd, J1.5 and 8, 6-H), 5.60 (IH, 8, br, 
4*31 <2a, e, GH^)* 4.21 (2H, g, OCg^CB^), 2*58 (3H, 8, 4'--CH^) 
2.48 (3B, B, 3'-OOCH^) and 1.27 (3H, t, OCE^C^^) ; m/z (%) 340 
(100, M^), 325 (44), 293 (21), 279 (35), 266 (35), 251 (31), 223 
(25), 196 (5), 147 (20) and 133 (36). 

u) Benzvl 3 » 4-d±methvl-7-f Ittoropvrgolo f 3 * 2*b 1 caxbazole«'2^carboxv^ 

lafce and Benzvl 3 . 4"^iinet:hvl-8-f luoiro^pvrrolo f 2 * S-'b 1 carbazole»2" 



ob^alncKi aa a mixture of iaomera from t:he reaction between 
6-f luorolndole and ^he 5'-acetoxymethyl~4-ace^ylpyrrole* 
ChromaMgraphlc separation yielded the f 3^2-bliflomer (0.1399, 
36%) m.p. 205*^C (decompO 5„ ( [ ^H^ ) -DMSO ) 11*32 (IH, e, 1-NH) , 
10.85 (IH, 8, 5-NH), 8.08 (IH, dd, J9 and 6, 9*»H), 7.86 (IH, b 
lO-H), 7.57-7.35 (5H, m, ArH) , 7.12 (IH, dd, JIO and 2, 6-H) 
6.90 (IB, dt, J9 and 2, 8-B) , 5.43 (2H, s, C^Ph), 2.91 (3H, 8 
3-^^) and 2.90 (3H, 8, 4*CH^); n/z (%) 386 (55, M***), 342(5) 
295 (4), 278(100), 249(45), 236(20), 222 (25) and 91 (95) 
(Found: MH^*", 387. 1509. ^24^20^2^2 '^^^^^^ 387.1509); and the 

f2.3-bligemer m.p. 190-193^C 5 (CDCl^) 8.54 (IH, 8, br, l-lia)f 

H 3 

8.10 (IH, dd, J9 and 6, 5-H), 7.87 (IH, 6, br, 9-NH), 7.51-7.34 
(5H, m, ArH), 7.34 (IH, 8, 10-H), 7.22 (IH, dd, concealed by 
10-H, 8-H), 6.93 (IH, dt, J2 and 9, 6-H), 5.41 (2H, 8, GH^Ph), 
3.20 (3H, 8, 4-CB ) and 3.0O (3H, 8, 3-CH ) ; m/z (%) 386 (100, 
M ), 295 (12), 278 (96), 250 (27), 236 (7), 222(8) and 91 (59); 
(Founds M***, 386.1433. C^^H^^FN^O^ requirea 386.1431). 

V) Ethvl 3 * 4-diroethvl-7-f luoropvrrolo r 3 ^ 2-b 1 carbazole-2-carboxvlate 
and Ethvl 3 m 4-diinethvl»8-f Inoronvrrole f 2 , 3»b 1 carba20le-'2**car* 
boxylate 



obtained as a mixture of ioomera from the reaction between 
6-f luoroindole and the 5'-acetoxymethyl'-4'*acetylpyrrole. 
ChrMiatographic aeparation yielded the f 3. 2-bl isomer which waa 



wo 94/02483 



37 



PCT/GB93/01512 



crystallieed from dlchloromethaner m.p. 231-234*^C (Found: C, 
70.45; H, 5.53y n, 8.66. ^xs^ll^2^2 ^^^^^^^ 70.36, 
S.28? N, 8.64%); l^H^J-DMSO) 11.27 {IH, b, hr, l-NH) r 10.82 

(IH, B, br, 5«-llH), 8.90 (IH, dd, J9 and 6, 9-H) , 7.85 (IH, 8, 
10-H), 7.12. (IH, ddr JIO and 2, 6-H) 6.89 (IH, dtr J2 and 9, 
8-H), 4.37 (2H, OC^CB^) 2.89 (6H, 8, 4^CB^) , 1.39 (3H, t, 

OCH cgi >; m/2 (%) 324 (60, M*), 278 (100), 250 (34), 222 (10) 

2 3 ^ 

and 139 (7); (PCv:nd; M , 324.1267. ^19^17™2*^2 J^^i"* 
324.1274); and the r2.3-bllBomer m.p. 262-265*^0; 5^( (^H^J-DMSO) 
11.14 (IH, 8, br, 1-NH), 11.06 (IH, a, br, 9-liH), 8.12 (IH, dd J 
6 and 9, 5-H), 7.19 (IH, 8, 10-H) , 7.15 (IH, dd JIO and 2, 8-H), 
6.92 (IH, dt, J2 and 9, 6-H) , 4.36 (2H, q, OCg^CH^), 3.13 (3H, 
8, 4-CH2), 2.93 (3H, 8, 3-CH^) and 1.39 {3H, t,, OCH^C^^) : m/z 
(%) 324 (72, m"*"), 278 (100), 250 (39), 222 (9), 139(6) and 
125(7); (Found: M*, 324.1280. ^X9^ll^2^2 324.1274). 

w) Etihvl 3 , 4-dlmet:hvl-9->hvdroxvpvrrolo f 3 - 2-b 1 car bazole-2-earboxv 
late and Ethvl 3 ,4-dimet:hvl-S'-hvdroxvt>vrrolof 3.2-b1 earbazole->2'- 



obtained as a mixture of ieomers from the reaction between 

4- hydroxyindole and the 5-acetoxymethyl-4-4r^tylpyrrole. 
Chromatographic separation yielded the f 3.2-bliaomer which was 
crystallieed from ethyl acetate/light petroleum, m.p. 260-262^C 
(deeomp.) 5 .( (^H.]-DMSO) 11.13 (IH, s, l-NH) , 10.56 (IH, 8, 

5- NH), 10.00 (IH, 8, OH), 8.02 (IH, 8, 10-H), 7.12 (IH, t, J7.5, 
7-H), 6.83 (IH, d, J7.5, 6-H) , 6.48 (IH, d, J7.5, 8-H) , 4.39 
(2H, q, OCg^CH^), 2.87 (3H, 8, 4-CH2), 2.85 (3H, 8, 3-CH^) and 
1.38 (3H, t, OCH SH,)? m/z (%) 322 (61^ H*), 276 (100), 248 
(20), 219 (5) and 138 (11); (Found: N , 322.1305. Cx9H3^gN2^3 
requires 322.1317); and the f 2. 3"bl Isomer which was crystallised 
from ethyl acetate, m»p. 251*254^C (decomp.) 6^(1 H^]-DM50) 
10.95 (IH, 8, 1-NK), 10.85 (IH, 8, 9-H} , 9.89 (IH, s, OH), 7.08 
(IH, t, J7.5, 7-H), 7.07 (IH, 8, 10-H) , 6.77 (IH, d, J7.5, 8-H), 
6.52 (IH, d, J7.5, 7-H), 4*32 (2H, q, OCg^CH^), 3.44 (3H, s. 
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4-CH2)# 2*92 (3Hr 8, S-CH^) and 1.37 (3H, OCH^Cl^); m/z (%) 

322 (65, M^), 276 (100), 248 (88), 219 (15), 205(10), 191 (10), 

178 (5), 165 (5), 138 (10) and 115 (10); (Found:M^, 322.1317. 

C,-H,„N^O^ requires 322.1317). 
19 18 2 3 ^ ' 

X) Efchvl 6 , 9-dimet:hoxv-3 . 4-diiiiet:hvlpvrrole f 3 . 2->b 1 earbazole^S^ 

carboxvlate and Efchvl S,a-diinethoxv^3 .4»dimet:hvlPvrrolof 2,3»b1 
carbazole^2 — carboxvlate 

obtained as a mixture of isomers from the reaction between 

4 , 7«>difflethoxy indole and the 5-acetoxymethy l-4**acety Ipyrrole • 

Chromatographic separation yielded the r3,2-blisomer (13.7%) 

m.p. 256-258°C. (Found: C, 68.98; H, 6.23; N, 7.89. C^^H^^N^O^ 

21 22 2 4 

requires C, 68.84; H, 6.05; N, 7.65%). 5„ (CDCl^) 8.58 (IH, s, 

br, NH), 8.08 (IH, s, 10-H),7.84 (IH, s, br, NH) , 6.82 (IH, d, 

JS, 7-H), 6.50 (IH, d, J8, 8-H), 4.43 (2H, q, OCfi^CH^), 4.05 

(3H, 8, 9-OCH2)# 3.98 (3H, s, S-OCa^) , 2.96 (3H, e, 4-CH^), 2*92 

(3H, 8, S-^CH^) and 1.44 (3B, t, OCH^CH^); m/z (%) 366 (73, M**^) , 

326 (100), 305 (11), 290 (11), 277 (23), 262 (15), 183(10), 160 

(17), 152 (19) and 131(7); p^^^ (Nujol)/cm"^ 3474, 3323 and 

max 

1674; (MeOH)/nm 415, 387, 344, 330(sh), 305(8h), 266, 246 

and 220; and the f2>3-bl isomer (9.3%) m.p. 193-195^0. (Found: C, 

69.03; H, 6.29; N, 7.42. ^^^H^^N^O^ requires C, 68.84, H, 6.05; 

K, 7.65%); 5^ (CDCX^) 8.44 (IH, 8, br, MB), 8.10 (IE, 8, br, 

NH), 7.06 (IH, 8, 10-H), 6.82 (IH, d, J8, 7-H), 6.56 (IB, d, J8, 

6-H), 4.40 (2H, q, OC^Ca^) , 3.98 (3H, 8, OCH^), 3.97 (3H, s, 

OCH^), 3.42 {3H, s, 4-CH^), 3.00 (3H, s, 3-CH2) ^'^^ ^' 

OCH^CH^); m/z (%) 366 (100, M**"), 320 (82), 292 (20), 277 (24), 

262 (10), 183 (14), 160 (28), 131 (3); P (Nujol)/cm"^ 3457, 

max 

3345 and 1660; X (NeOH)/nm 381, 365, 293, 247 and 219. 

y) Bthvl 7-meteh oxv-3 , 4-dimethvlovrrole f 3 , 2«b 1 carbazole-2-carboxv 
late and Ethvl 7"methox v>3>4"dimethvlpvrroler2 .3-b1carbazole-2- 
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obteined as a mixture of isomere from tihe reaction between 

6-methoxyindole and the 5->acetoxymethyl-*4«&eetylpyrrole. Flash 

chromatography on silica, eluting with ethyl acetate/cyclohexane 

(Isl) yielded the r3.2-bi ieomer which was crystallised from 

ethylacetate/cyclohexane, m.p. 239-241 C (decoBipO 6^(1 H^J- 

DMSO) 11.09 (IH, B, l-HH), 10.49 (IH, s, 5-NH), 7.91 (IH, d, J 

8.7, 9-H), 7.73 (IH, s, 10-H) , 6.88 (IH, d, J2.3, 6-H) , 6.68 

(IH, dd, J 8.7 and 2.3, 8--H), 4.35 (2H, q, OCfl^CH^), 3.84 (3H, 

s, 7-OCH^), 2.87 (3H, s, 3-CH,), 2.86 (3H, 8, 4-CH,) and 1.37 

(3H, t, OCH.CH ); m/z (%) 336 (84, M ), 290 (100), 262 (32), 247 

-1 

(16) and 219 (16); P (KBr Disc)/cm 3342, 1674 and 1628; and 

max 

the r 2. 3^bl isomer which was crystallised from ethyl 

o 2 
acetate/cyclohexane, m.p. 260 C (decomp. ) ^^11 H^l-DMSO) 10.98 

(IH, 8, 1-NH), 10.74 (IH, a, 9-lIH) , 8.00 (IH, d, J8.7, 5-H) , 

7.13 (IH, 8, 10-H), 6.87 (IH, d, J2.7, 8-H) , 6.70 (IH, dd, J8.7 

and 2*7, 6-H), 4.34 (2H, q, OC^CU^) , 3.83 (3H, s, 7-OCH^), 3.10 

(3H, 8, 4-CH2), 2.91 (3H, 8, 3-^^) and 1*37 (3H, t, OCH^CH^); 

m/z (%) 336 (56, M^), 290 (70), 262 (26), 145 (16), 129 (14); 

p (KBr I>i8C)/cm~^ 3379, 3339 and 1663. 
max 

z) Ethvl 3-ethvl-4-methvlPvrrolo r 3 . 2-b 1 carbazole-2-carboxvlate 

(0.956g, 27%) was obtained from the reactiion (11 mmol scale) 
between indole and the ethyl 5-acetoxyme^hyl-4-aeetyl-3-ethyl- 
pyrrole-2«'carboxy later after recrystallisation from toluene, it 
had m.p. 248-249^C (decomp. ) (Found: C, 74.93; H, 6.35; N, 8.60. 
So^20^2^2 ^' 74.98; H, 6.29; N, 8.74%); &{t^Hgl- 

DMSO) 11.27 (IH, a, 1-NH), 10.63 (IH, 8, 5-NH) , 8.09 (IH, d, J 
8, 9-H>, 7.93 (IH, s, 10-H), 7.31-7.47 (2H, m, 6-H, 7-H) , 7.09 
(IH, ddd, J 8, 5.5, 2, 8-H), 4.40 (2H, q, a 7, CO^CH^), 3.37 
(2H, q, J 7, 3-CH2)# 2.91 (3H, S, 4^CH^) , 1.41 (3H, t, J 7, 
CO^CHjCag)^ i-30 (3Hr t, J 7.5, ^-^CH^C^^) j m/z (%) 320(100, m"*"), 
274(96); 

p (KBr disc)/cm''^ 3344, 3327, 1680, 1664, 1238. 
max . 
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Example 5 

Pvrro lof 3,2-b1carbazole-2-"Carboxvlic Acids General procedure. 

To a solution of the benzyl pyrrolo{3,2-*b)carbazole-2-carboxylate In 
dry tetrahydrofuran (THF) (10 cm^) was added 10% Pd-on-C (50 mg) . The 
reaction mlsrture was hydrogenated at one atmos. pressure and room 
temperature. After uptake of had ceased r the catalyst was reoioved 
. by filtration through Cellte and washed well with THF, and the 
combined filtrates were evaporated under reduced pressure. 
Crystallisation of the resulting solid from acetone, methyl ethyl 
ketone or aqueous methanol gave the 

pyrrole { 3, 2*b)carbazole-2-carboxyllc acids as yellow crystals. 



a) 3 . 4-Dlmethvlp vrrolo f 3 . 2-b I carbazole-2-carboxvlic acid 

(0.234 g, 84.3%) m.p. 237 C (decon^. ) ; 5„(I H^)-DMSO) 12.74 (1 
H, br, s, CO^H), 11.13 (1 H, s, 1-llH) , 10.60 (1 H, s, S-HH), 
8.05 (1 H, d, 07.5, 9-H) , 7.87 (1 H, 8, lO-H) , 7.42 (1 H, d, 
tJ7.5, 6-H), 7.36 (1 H, t, J7.5, 7-H) , 7.08 (1 H, t, J7.5, 8-H), 
2.92 and 2.91 (2 x 3H, 2 x S, 3-CH^ and 4-CH^); m/z(%) 
278(30,m'^) 260(39), 234(100), 218(19), 204(8), 167(8) 149(16), 
130(10) and 117(25) (Found: m"*^, 278. 1060. C^^H^^N^O^ requires 
M,278.1055) . 

h) 8-Fluo ro-3 , 4-dlmethvlTjvrrolo f 3 » 2-b 1 carba2ole-2-earboxvl ic acid 

(0.0845 g, 85.6%) m.p. 236-239 C, 6__( £ H.]-DMSO) 12.80 (1 H, 
br, s, OO^H), 11.19 (1 H, 6, 1-NH), 10.60 (1 B, s, 5-IIH) , 7.91 
(1 H, dd, J9 and 2.5, 9-H), 7.86 (1 H, a, 10-H>, 7.37 (1 H, dd, 
J9 and 4,6-H), 7.20 (1 H, dt, J9 and 2.5, 7-H) and 2.89 (6 B, s, 
2xCB^); m/z (%) 296(51,M*), 278(71), 252(100), 250(37), 236(19), 
222(13), 139(22), 125(36) and 111(28) (Pounds M**", 296.0960. 
C H^FN^O requires K, 296.0961) 
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c) 3.4. e-TrlmetihvlpvrrQlQf 3 . 2-b I carbazole-Z-earboxv lic acid 

(0.065 9, 85%) m.p. 230^0 (deconp. ) (Found: C,74.2; H,5.S5; 
N,9.4 ^^^3^26*^2^2 r^quirM C, 74.0; 5.52; 9.58%); 

6„((^H-)-DHSO) 12.80 (1 Hr br, 8, CO H) , 11.01 (1 H, o, l-^NH), 
Ho 2 

10.08 (1 Hr B, 5-:MH), 7.90 (1 R, d, J7.5, 9-B) , 7.82 (1 B, 8, 
10-H)^ 7.16 (1 d, J7.5, 7-H)r 7.01 (1 H, tr J7.5, 8-H), 2.97 
(3 H, B, 4-CH^), 2.92 (3H/ 8^ and 2.58 (3 H, B, e-CH^); 

m/2(%) 292(72, M*), 274(100), 246(50), 230(11) ,137 (25) , 122(24) 
and 109(30). 



d) 3- ( 2-Methoxvcarbonvlet:hvI \ -4-methvlpvrrolo f 3 , 2-b 1 carbagele-2-ea* 
r boxy lie acid 

(0.0673 g, 84.6%) m.p. 255^C (decomp.) (Found: C, 68.4; H,5.3; 

N,7.75.C^-,H,^N^O^ requires C, 68.6; H,5.18; K, 8.00%); 

20 18 2 4 

6„([ H^J-DMSO) 12.88 (1 H, br, 8, CO H), 11.34 (1 H,8,1-NH), 
10.65 (1 H, B, 5-NH), 8.06 (1 H, d, J 7.5, 9-H) , 7.88 (1 H, 8, 
10-H), 7.42 (1 H, d, J 7.5, 6-H) , 7.36 (1 H, t, J7.5, 7-H) 7.07 
(1 H, t:, J7.5, 8-H), 3.66 (3 H, 8, OCH^), 3.63 (2 H, partially 
obscured t,CT2CH2CO), 2.89 (3 H, 8, , 2.66 (2 H, t, 

CH^CO); ib/z(%) 350(100, M^), 332(17), 306(30), 290(63), 272(22), 
259(32) and 233(47). 



1.3. 4-Trime^hvlpvrrole f 3 > 2-b 1 cagbagole»2-carboxvlie acid 

(0.060 9, 44%) m.p. 215-216^C (decomp.) (Found: C, 73.69; H, 
5.51; N, 9.41; C..H,^N^O^ requires c, 73.95; H, 5.52; N, 9.58); 

^ 18 lo 2 2 

5„([ H.]--DMSO) 12.94 (IH, br, 8, COOH) , 10.63 (IH, 8, 5-NH) , 

8.13 (IB, d, J 7.9, 9*H), 8.00 (IB, 8, 10-H), 7.45-7.30 (2H, m, 

6-H, 7-H), 7.14-7.04 (IB, m, 8-H) , 3.99 (3B, s, 1-CH,), 2.91 

(3H, 8, 4-CH^) and 2.85 (3B, 8, 3-CH^); m/z (%) 292(95, M ), 

275(10), 247(40), 232(30), 180(100) and 135(100); I'^^^CKBr 

Di8C)/em'^ 3375, 2930 and 1709. 
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f ) 3^4, 5-Trimethvlpvrrolo f 3 » 2'*bl carbazole*2-carboxvlic acid 

(0.015 g, 18%) m.p. 239-240^C (deconp. ) (Found: C, 74.11; B, 

5.38; N, 9.39; ^^^^^^^2^2 ^^^^^^ ^' 73.95; 5.52; N, 9.58; 
dg( [^H^)-DMSO) 11.15 (IB, 8, 1-NB), 8.04 (IB, d, J 7.5, 9*B) 
7.88 (IB, 8, 10-B), 7.48-7.41 (2B, m, 6--B, 7-B) , 7.17-7.08 (IB, 
m, 8-H), 4.03 (3B, 8, 5-k:b.), 3.16 (3B, s, 4-CB ) and 2.93 (3B, 
8, 3-CB^); m/z (%) 292(90, M ), 274(75), 232(70), 197(35), 

181(60), 149(30) and 130(100); V (KBr Di8C)/cm*^ 3454, 2926 

max 

and 1670. 



g) 1 * 3 > 4 . S-Te'brametihvlpvrrolo r 3 . 2-b 1 carba2ole-2-carboxvlie acid 

(0.030 g, 32%) m.p. 215-217^0 (decomp. ) (Founds C, 74.44; B, 

6.00; N, 9.14; ^x9^18^2^2 ^^^^^^^ ^' '74.49; H, 5.92; N, 9.14); 
5g([^B^)-DMSO) 12.98 (IB, br, 8, COOH), 8.14 (IB, d, J7.6, 9-H) , 
8.04 (IB, 8, 10-B), 7.48-7.38 (2B, m, 6-B, 7-B) , 7.18-708 (IB, 
m, 8-B), 4.01 (3B, 8, S-CB^), 3.97 (3B, 8, 1-CT^), 3.12 (3B, 8, 
4-CB^) and 2.84 (3B, a, 3-CH ) ; m/z (%) 306( lOOrM"*") , 279(25), 
232(38), 197(34), 181(80) and 149(25); J'__(KBr Dl8C)/cm 1935 
and 1659. 



h) 3 ,4-Dijne'thvlpvrrolof 3 ,2-blcarbazole-2— carboxvllc acid 

The e^hyl eat:er (SOOmg, 1.6mmol) In water (15 cm^) and methanol 

3 

(35 cm ) waa heated to reflux and sufficient methanol to achieve 

dissolution was added. Caesium carbonate (5.32g; 16mmol) was 

added and the mixture was heated to reflux under nitrogen for 

18h. After cooling, solvent was removed in vacuo to leave 

3 

approximately 20 cm of solution which was brought to pB3 by the 
addition of O.IM hydrochloric add whereupon the title compound 
precipitated out. Filtration, washing with water and drying 
under vacuum yielded analytically pure product (437mg; 96%) 
iirtilch was spectroseoplcally Identical to that Stained in 
Example 5a. 



wo 94/02483 



43 



PCT/GB93/01512 



Example 6 

Pvgrolor3.2--b1eagbazole^2^c arboxvelie Aeid EstiegB - General procedure 

The pyrrolo[3,2-b)carbazole-*2-earboxyIie acid (1.0 mmol) and 
!i,Ii'-carbonyl dlimldazole (l.l nmol) vrere dissolved in freshly 
distilled tetrahydrofuran under a nitrogen atmosphere. The resulting 
suspension was stirred at room temperature for at least one hour, and 
complete conversion of the acid to the imidazolide intermediate was 
verified by TLC. The alcohol or phenol (1* 5-2.0 mmol, i.e. an 
excess) was added in one portion; and the resulting mixture was heated 
to reflux until TLC showed complete consumption of the imidazolide 
intermediate. The product was obtained by column chromatography on 
silica, followed by recrystallisation. 

a) Phenvl 3 . 4'"dimethvlpvrrolo ff 3 . 2»b 1 carbazole-2-carboxvlate 

was obtained from the reaction of the imidazolide intermediate 

with phenol. Chromatography (eluting with 10% acetone/ 90% 

petrol) followed by recrystallisation from acetone-petrol gave 

orange crystals (0.230 g, 65%) m.p. >230^C (decomp. ) (Found: 

C,78.17; H, 5.09; N, 7.77. C^-aH,-,N^O, requires C, 77.95; H, 

^ 23 Xo 2 2 

5.12; N, 7.90%); 6(1 Hg)-DMSO) 11.55 (IH, s, 1-NH) , 10.64 (IH, 

8, 5-NH), 8.10 (IH, d, J 7.5, 9-H), 7.94 (IH, s, 10-H) , 

7*30*7. 58 (7H, m, PhH, 6-H, 7-H) , 7.09 (IB, ddd, J 7.5, 5.5, 2, 

8«*H) and 2.97 and 2.95 (2 x 3H, 2 x s, 3-CH^ and 4*CH^); m/z(%) 

355 (40, M^); V (KBr Disc)/cm''^ 3396, 1701 and 1180. 

max 

b) r i 2-Dimethvlamino \ ethvl 1 3 . 4^imethvlPvrrolo f 3 . 2*b 1 carbazole 

-2 -'carboxy 1 ate 

was obtained from the reaction of the imidazolide intermediate 
with (2->dimethylamino>ethanol. Chromatography (eluting with 
10% methanol/90% DCM) gave a yellow solid (O.350 g, 99%). 
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RecryBraXllsa^ion of a portion from DCH gave yellow crystals 

o 

with m.p. 174.0-175.7 C (decomp.) (Pound: C, 70.46; 6.48; N, 

11.76. C21^23^3^2*^*^^™2^^2 ^^^^^^ 70.29; H, 6.45; N, 

11.55%); 6„([^H^]-DMSO) 11.18 (IH, 8, l-NH) , 10.60 (IH, s, 

it D 

5-NH), 8.07 (IH, J 8, 9*H), 7.89 (IH, s, 10-H), 7.30-7.43 

(2H, m, 6-H, 7-*H), 7.09 (IB, ddd, J 8, 6, 2.5, a-H) , 4.41 (2B, 

t, J 6, OCH^), 2.91 (6H, B, 3-CH^ and 4-CH^), 2.69 (2H, t, J 

6.0, NCH^) and 2.27 (6H, s, N(CH^^2); m/2(%) 350(46, (M-l>l)^) , 

261(68) and 133(100); y (KBr Diac)/cm*^ 3377, 1661 and 1238. 

max 

c) f f 3-D imethvXainino^ phenyl! 3 . 4-dimethvlpvrrolo f 3 . 2-b1carbazole"2*" 

carboxvlate 



was obtained from the 0.95 nmiol scale reaction of the 
lide intermediate with (3-dimethylamino) phenol. Chromatography 
(eluting with 10% ethyl acetate/90% toluene) followed by 
recryetallisation from ethyl acetate gave yellow crystals (0.272 
g, 72%) m.p. 240-242^C (decamp.) (Pound: C, 75.37; H, 5.71; N, 
10.36. ^25^23*'3°2 ^' 75.55; H, 5.83; N, 10.57%; 5^ 

([^HgJ-DMSO) 11.49 (IH, s, 1-NH), 10.64 (IH, s, S-MH), 8.08 (IH, 
d, J 8, 9-H), 7.91 (IH, s, 10-H) , 7.34*7.48 (2H, m, 6-H, 7-H), 
7.27 (IH, t, J 8, 5'-H), 7.10 (IH, ddd, J 8, 6, 2, 8-H), 
6.56-6.70 (3H, m, 2'-H, 4'-H, 6'-H), 2.96 (3H, s) and 2.94 
(9H,8) (3-CH2,4-CH2, n(Ca^)^)^ m/z (%) 398(38, M+1)*, 261(25), 

232(21) and 217(100); p (KBr Disc)/cm*^ 3350, 1674, 1610 and 

1232. 



d) ( 3-Pvridvl \ 3 . 4-dimethvlpvrrol o f 3 . 2-b 1 carba2ole-2*cairboxvlate 

was obtained from the reaction of the imidazolide intermediate 

with 3-hydroxypyridine. Chromatography (eluting with 50% ethyl 

acetate/50% petrol) followed by recryetallisation from acetone 

gave yellow crystals (0.230 g, 65%) with m.p. >270^C (deeomp.) 

(Founds C, 73.88; H, 4.76; H, 11.50. C^^B,^N^0^.0.2H.^O 

^22 17 3 2 2 

requires: C, 73.61; H, 4.89; K, 11.71%); 6 (( H^]-DMSO) 11.59 
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(IHr a, 10.65 (IH, b, S-HH) , 8.63 (IH, d, J 2, 2'-H), 

8.55 (IH^ dd, J 4, 1, 6'-H), 8.10 (XH, d, J 8, 9-U) , 7.90 (XH, 
B, 10-H), 7.86 (IH, ddd, J 8, 3, 1, 5'-H), 7.58(1H, dd, J 8, 5, 
4'-H), 7.32-7.45 <.2H, m, 6-Hr 7-H) , 7.09(1H, ddd, J 8, 6, 2, 
8-H) and 2.97 and 2.94 (2 x 3H, 2 x b, 3*-CH^ and 4-CH^); m/z (%) 
356(15, (M^l)***). P (KBr Dl8C)/em~^ 3377, 1715 and 1173. 



e) i 4-Carbaniovlphenvl \ 3 > 4->dimcfehvlt>vrrolo f 3 ^ 2-b I carbazole»2- 

carboxvlate 

was obtained from the reaction of the imidazolide intermediate 

with 3-hydroxybenzamide. Reery stall ieat ion from ethanol gave a 

yellow powder, and an impure residue. The latter material was 

further purified by column chromatography on silica (eluted with 

5%) methanol/95% DCM then 10% methanol/90% DCM) followed by 

o 

recrystallisation frm ethanol. (0.262 g, 66%) m.p. >250 C 
(decomp.) (Founds C, 71.72; H, 4.81; N, 10.26. ^24^19^3^3*^* "^^2^ 
requires C, 71.88; H, 4.88; N, 10.48%); 6„ (( H^)-DMSO 11.56 
(IH, B, 1-NH), 10.63 (IH, 8, S-NH), 7.90-8.12 (5H, m, 9-*H, 10-H, 
3'-H, 5'-H, amide N-H), 7.33-7.49 (5H^ m, 6-H, 7-H, 2'-H, 6'-H, 
amide N-H) , 7.09 (IH, ddd, J 8.5, 6, 1.5, 8-H) and 2.95 and 2.93 

(2 x 3H, 2 x s, 3-CH and 4-CH ) ; m/z (%> 398(10, (M<i-1)'^), 

-1 

279(100); y (KBr Oisc)/cm 3423, 1717, 1695 and 1171. 

max 

f ) ( I>vr idvl-4*methvl \ 3 > 4-diroethvlpvrrolof 3 , 2-bl carbazoIe~2- 



was obtained from the reaction of the imidazolide intermediate 
with 4-pyridylcarbinol. Chromatography (eluting with ethyl 
acetate/petrol, gradient 60%, 80%, 100% ethyl acetate, then 
methanol/ethyl acetate, gradient 10%, 20%) followed by 
reeryBtalliaation from tetrahydrofuran gave orange crystals 
(0.168 g, 46%) with m.p. >240^C ( decomp. ) (Founds C, 72.16; H, 
5.12; N, 10.73. C22H^^N^O2.0.7H2O requires C, 72.31; H, 5.38; N, 
11.00%); 5„((^H^)-DMSO 11.31 (IH, 8, 1-NH) , 10.62(1H, b, 5-NH), 
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8.62 (2B, dd, J 4.5, 0.5, 2'-*H, 6'-H), 8.08 (IH, d, J 7.5, 9-H), 

7.89 (IHr lO-H), 7.53(2Hr d, J 5.5, 3'-H, 5'-H) , 7.32-7.43 

(2H, m, 7-H), 7.07 (IH, ddd, J 8, 5, 1, 8-H) , 5.45 (2H, b, 

ArCH^) and 2.94 and 2.92 (2.x 3H, 2 x 3-CH and 4-CH ) ; m/z (%) 

-1 

369(27, (H^l) ), 327(70) and 295(100); P (KBr Disc) /cm 3400, 

max 

1709 and 1232. 

g) { 1 , :^-PihenzvIoxvprotyvl"2 ^ 3 .4-'dimethvlDvrrolof 3^ 2-b1 
carboxylase 

was obtained from t:he 1.5 mmol scale reaction of the Imldazollde 
Intermediate with (l,3-dlbenzyloxy-2-propanol) . Chromatography 
(eluting with 20% ethyl acetate/80% toluene then 40% ethyl 
acetate/ 60% toluene) £ollo%«ed by recrystalllsatlon from ethyl 
acetate-ether-petrol gave yellow crystals (0.776 g, 97%) m.p. 
124.8-126^C (decomp.) (Found: C, 76*35; H, 6.07; N, 5«12. 
^34^32*^2^4 76,67; H, 6.06; N, 5.26%; 

dg(( H^)-DMSO) 11,18 (IH, s, l-NH), 10.60 (IB, a, 5-NH), 8.06 

(IB, d, a 7.5, 9*H), 7.88 (IH, 8, 10-H) , 7.22-7.42 (12H, n, 2 x 

PhHg, 6-H, 7-H), 7.07 (IH, ddd, J 8, 6.5,1.5, 8-H) , 5.44 (IH, 

quintet, J 5, I'-H), 4.60 and 4.53 (2 x 2H, 2 x dd, J 12, 2 x 

PhCH^O), 3.77 (4H, d, J 5.5, OCaiC^)^) and 2.91 and 2.89 (2 x 

3H, 2X8, 3-CH and 4*CH ) ; m/z(%) 532(50, M^), 260(65) and 

-1 

91(100); P (KBr Dlsc)/cn 3358, 1681 and 1234. 

max 

h) 1 4»Methvl8ulPhinvlphenvl \ 3 ^ 4-dimethYlPvxrolo f 3 . 2-b I carbazole— 2- 
carboxvlate 

was obtained from the reaction of the Imldazollde Intermediate 

with 4-methylsulphlnylphenol . Chromatography (eluting with 

ethyl acetate/petrol, gradient 90%, 95%, 98%, 100% ethyl 

acetate, then 10% methanol/ethyl acetate) followed by 

recrystalllsatlon from tetrahydrofuran gave a yellow powder 

o 

(0.261 g, 63%) m.p. >230 C (deeomp. ) (Founds C, 68.40; B, 4.81; 
N, 6.44. ^24^20^2^3^*^* ^^2^ requires C, 68.32; H, 4.92; N, 
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6.64%; d„((^H.l-DMSO) 11.59 (IH, 8, 1-NH), 10.68 (IB, e, 5-IIH), 
8.10 (IH, d, J a, 9-H), 7.93 (IR, B, 10-R), 7.82(2H, d, J 9.5, 
3'-Hr S'-H)r 7.59 (2H, d, J 9.5, 2'-H, 6'-H), 7.33-7.45 (2H, m, 
6*H, 7-H), 7.09 (IH, ddd, J 8, 6, 2.5, 8-H), 2.99 and 2.95 (2 x 
3H, 2x0, 3-*CH^ and 4-GH^) and 2.82 (3H, b, CH^SO) ; m/z (%) 

417(2,M+1*), 261(100) and 233(75); P (KBr DLbc/cbT^ 3427, 

3288, 1717 and 1200. 



i) Methyl 3 . 4«"diinet:hvlx>vrrolo f 3 * 2-b 1 carbazole-2-carboxvlate 

was obtained from the reaction of the imldazolide intermediate 

with methanol. Chromatography (elutlng with 30% ethyl 

acetate/petrol) , followed by recrystalliaation from ethyl 

o 

acetate gave a yellow powder (0.188g, 64%) with m.p. 211-213 C 

(decomp. ) (Founds C, 74.06, H, 5.49, N,9.42, C H N O requires: 

^ IB lo 2 2 

C, 73.95; H, 5.52; N, 9.58%); 2 ([ H^J-DMSO) 11.25 (IH, 8, 
1-NH), 10.62 (IH, 0, 5-NH), 8.08 (IH, d, J 8, 9-H) , 7.89 (IH, s, 
10-H), 7.33-7.58 (2H, m, 6-H, 7-R), 7.09 (IR, ddd, J 8, 6, 1, 
8.H), 3.92 (3H, 0, OCH3), 2.92 and 2.91 (2 x 3H, 2 x 0, 3-CH3 
and 4-CH ); m/z (%) 292(68, M^), 260(100), 232(39); v ^ (KBr 
dioc)/cm 3342, 1684 and 1236. 



j ) f f 2— Methvl sulphonyl \ ethvl 13^ 4-dlinethvlpvrrolof 3 « 2-bl cagbazole-2- 

carboxvlate 

Wae obtained from the reaction of the ioiidazollde intermediate 

with (2-methyl0ulphonyl)ethanol. Chromatography (gradient 

elution with ethyl acetate/petrol, 30% - 100%) followed by 

recrystallieation from acetone gave fine yellow cryatalo (0.222 

o 

9, 58%) with m.p. 255-257 C (decomp.) (Founds C, 62.23; H, 5.25; 
N, 7.08. ^20^20^2^4^ requirea C, 62.48; H, 5.24; N, 7.29%); 
5-,(^H^]-DMSO 11.19 (IH, o, 1-NH), 10.60 (IH, O, 5-NB) , 8.09 (IH, 
d, J 7.5, 9-H), 7.89 (IH, 8, 10-H) , 7.32-7.45 (2H, m, 6-H, 7-H) , 
7.09 (IH, ddd, J 7.5, 5.5, 3, 8-H), 4.69 (2H, t, J 5.5, OCH^), 
3.69 (2H, t, J 5.5, SO^CH^), 3.12 (3H, 0, SO^CH^), 2.93 (6H, 0, 
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3-CH and 4-CH-); m/z (%) 384 (17, U*), 260(13), 59(100); P 
(KBr diac)/cm* 3387, 1661, 1234. 

k) Tert-bu'bvl 3 . 4~dime^hvlpvygolo f 3 . 2-b 1 carbazolfe» ;^->g*iyt^ Qxvlafcc 

The pyrrolo|3,2-b]carbazole-2*carboxylic acid <0.86 mmol) and 
^riphenylphosphlne (0.91 nmol, 1*05 eq* ) wore dlaeolved in 
freshly distilled ^e^ahydrofuran under a nitrogen atmosphere. 
Tertiary-butanol (2.12 mnol, 2.5 eq. ) was added by syringe, and 
finally diethyl azodicarboxylate (0.95 mmol, 1*1 eq. ) was added 
dropwise over 10 minutes. The resulting suspension was stirred 
at room temperature for two hours r by which time TLC shoinied 
complete consumption of the starting acid. The title cmpound 
was obtained from the crude reaction mixture in several stages s 
coliunn chromatography on silica, eluting with 20% ether /80% 
petrol then 50% ether/ 50% petrol; column chrmiatography on 
silica (eluting with 25% ether/75% petrol then 40% ether/60% 
petrol); and finally, recrystallisa- tion from DCM gave yellow 
powder (0.030 g, 10%) m.p. 187-189°C (decomp. ) (Founds C, 73.24; 

H, 6.53; N, 7.93. C21^22'*2^2*^*"™2^^2 ^' 73.18; H, 
6.47; N, 8.07%); 6^(1 H^l^DMSO) 10.95 (IH, e, 1-NH) , 10.57 (IH, 
8, 5-NH), 8.05 (IH, d, J 8, 9-H) , 7.88 (IB, s, 10-H) , 7.29-7.43 
(2H, m, 6-H, 7-H), 7.05 (IH, ddd, J 8, 6, 1, 8-H) , 2.89 and 2.87 

(2 X 3H, 2 X s, 3-CH and 4-CH ) and 1.59 (9H, s, C(CH,)^); m/z 

^ J 3- 3 3 

(%) 355(62, lH-1 ), 278(90), 233(38), 126(32), 91(78) and 
57(100); i'^.^(KBr Oisc)/cm"^3337, 1664 and 1240. 

Example 7 

Pvrrolor3.2«-b1carbazole-2'»carboxvlic Acid Amides 

a) 3 . 4-Dimethvl-2 -/ 1-imidazolvearbonvllovrrolor 3« 2-blearbazQle 

3,4-Dimethylpyrrolo[3,2-b)carbazole-2-carboxylic acid (0.280 g, 

I. 0 mmol) and N,Ji'-carbonyldiimidazole (0.164 g, 1.0 mmol) were 
dissolved in freshly distilled tetrahydrofuran (5 cm^) under a 
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nitoogen alimosphere. The resulting suspension was stirred at 

room temperature for two hours, and complete conversion of the 

acid to the li&ldazollde was verified by TLC. The THF was 

removed and the residue r eery stall ised from ethyl acetate to 

o 

give the pr^oduct as a yellow solid ( 0.125 g, 38%) m.p. 252 C 



(decontpO (Pounds 73.17; 4.87; 16.80, ^20^16*'4^ 

requires: 73.15; H, 4.91; 17.06%); I^H^l-DMSO) 11.53 

<1H, s, 1-NH), 10.20 (IH, s, 5-NH) , 8.30 (IH, s, 2'-H), 8.12 

(IB, d, JB, 9-H), 7.94 (IH, S, 10-H) , 7.79 {IB, B, 5'-H), 

7.33-7.47 (2H, m, 6-H, 7-H) , 7^19 (IH, s, 3'-H), 7.09 (IH, ddd, 

J8, 6r 2, 8-H), 2.95 (3H, s, 3-CH ) , 2.73 (3H, 8, 4-CH^) ; m/z 

—1 

(%) 261 (40); P <KBr Disc) /cm 3427, 1699 and 1242. 

max 

b) Etihvl 3 , 4-dimethvlPvrrolo f 3 , 2-b 1 carbagole-2-ca rboxamide 

3,4-Dimethylpyrrolo[3,2-b]carbazole-2-earboxylie acid (0.278 g, 

3 

1.0 mmol) was dissolved in dimethoxyethane (10 cm ) to give a 

yellow solution. To this were added diisopropylethylamine 

(0.260 g, 2.0 mnol), ethylamine hydrochloride (0.245 g, 3.0 

imnol) and the tetraf luorborate salt of 0-benzotriazolyl'-N,Ii,S' , 

N'. tetraroethyluronium (TBTU) (0.482 g, 1.5 mmol) to give a 

white suspension in the yellow solution. The reaction mixture 

was stirred at room tanperature for 24 h by which time TXiC 

showed no remaining acid. The solvent was removed in vacuo to 

give a yellow-brown solid. This was subjected to column 

chromatography on silica eluting firstly with DCM and then with 

10% Et0Ac/90% DCM to give the ethylamide product as a yellow 

solid (0.240 g, 79%). To remove a trace impurity, a portion was 

recrystallieed from dichlororethane /petrol to give the compound 

o 

analytically pure as a yellow powder with m.p. 235 C (decomp.) 
(Pound: C, 73.21; H, 6.10; N, 13.33. Cj^^H^^N^O.O.lC^H^Cl^ 
requires: C, 73.15; H, 6.20; N, 13.32%); 6jj( (^H^ J^DMSO) 10.72 
(IH, s, l-NH), 10.57 (IH, 8, 5-NB), 8.09 (IH, d, J8, 9-H), 7.93 
(IH, t, J5, amide N-H), 7.83 (IH, s, 10-H) , 7.27-7.41 (2H, m, 
6*H, 7*B), 7.06 (IH, d, J8, 8-H), 3.35 (2H, q, J 7.5, CH^CH^) , 
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2.89 and 2.71 <2 x 3H, 2 x s, d-CH and 4-CH ) , 1.18 (3H, t, J 

7.5, CH Qi.); m/z (%) 305 (65rM ), 260 (100); P (KBr 
^« ^ max 

Disc) /cm'' 3314, 1603 and 1545. 



c) 3 , 4-n^m<>thvlpvr roIor 3 . 2"blcarbazole^2»eairfapafiifnldg 

3,4-Dijn8thylpyrrolo[3,2-b]carbazole-2-carboxyllc acid (0.556 g, 

2.0iDnol) waa diasolvad in dime^hoacyethane (20ml) to give a 

yellow solution. To this were added dllaopropylethylamlne 

(0.520 g, 4.0 mmol), ammonium hydrochloride (0.321 g, 6.0mmol) 

and the tetrafluorborate salt of 0-benzotrlazolyl*N,N,N' ,N' , 

•tetramethyluronlum (TBTU) (0.963 g, 3.0mmol) to give a white 

suspension in the yellow solution. The reaction mixture was 

stirred at room temperature for 24 hours, by which time TLC 

showed no remaining acid. The solvent was removed jji vacuo to 

give a yellow-brown solid. This was subjected to column 

chromatography on silica (elutlng with ethyl acetate/DCK, 

gradient 10%-30%) to give the amide product as a yellow solid 

(0.350 g, 63%). To remove a trace impurity, a portion was 

recrystallised from ethyl acetate/petrol and then purified by 

preparative HPI.C (column size 25 emx 2.12 cm l.d., packed with 

2orbax, gradient elution: 5% acetonitrile/95% water to 95% 

acetonitrile/water; detected at 340 nm) to give a yellow powder 

with m.p. 240^C (decmp.) 5g( (^Hg)-DMSO) 10.82 (IH, s, 1-NB) , 

10.54 (IH, 8, S-NH), 8.08 (IH, d, J 7.5, 9-H) , 7.84 (IH, s, 

10-H), 7.29-7.43 (4H, m, 6-H, 7-H, NH^)^ 7.07 (IH, ddd, J 8, 

5.5, 2, 8-H), 2.89 and 2.85 (2 x 3H, 2 x s, 3-CH^ and 4-CT^); 

m/z (%) 277 (62, M^*"), 260 (100), 232 (44); P (KBr disc)/cm"^ 

max 

3317, 1628, 1595; (Found: M+, 277.1205, C,.H„N^O requires 

1 / 15 3 

277.1215). 

^) Phenvl 3 > 4-dim ethvlt>vrrolo f 3 . 2-b 1 carbazole-2-carboxamide 



3,4-Dimethylpyrrolo[3,2-b]carbazole-2-carboxyllc acid (0.278 g, 
1.0 mmol) was dissolved in dimetihoxyethane (10ml) to give a 
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yellow solution. To this were added diieopropylethylamine 
(0.130 g, l.OniDol), aniline (0.190 g, 2.0iBniol) and the 
tetraf luorborate salt of 0-benzotriazolyl-!l#liff fi ' #£ ' # -tetra- 
nethyluronium (TBTU) (0.482 g, l.Smniol) to give a white 
suspension in the yellow solution. The reaction mixture was 
stirred at room teoiperature for 42 hours, by which tixne TLC 
showed no remaining acid. The solvent was removed in vacuo to 
give a yellow solid, which was dissolved in ethyl acetate and 
the resulting solution washed with water. The organic layer 
was dried over MgSO^, concentrated , and subjected to column 
chromatography on silica, eluting with EtOAc/petrol (gradient 
elution 5%-100%') followed by recrystallisation from acetone to 
give the phenylamide product as a yellow powder (0.10 g, 30%) 
with m. p. 260^0 (decomp. ) (Found; C, 77.79; H, S.26; H, 11.64. 
^23^19^2^ requires: C, 78.16; H, 5.42; 11.89%); S^jd^H^J- 

DMSO) 11.10 (IH, s, l-HH), 10.59 (IH, B, S^UB} , 9.96 (IH, s, 
amide N-H), 8.10 (IH, d, J 7.5, 9-H) , 7.89 (IHr S, 10-H), 7.79 
(2H, d, J 9r 2'-H, 6'-H), 7.29-7.45 (4H, m,6-H, 7-H, 3'-H, 
5'-H), 7.00-7.14 (2H, m, 8-H, 4'-H), 2.93 and 2.88 (2 x 3H, 2 x 

a, 3-CH ); m/z (%) 353 (46, M*), 260 (100); p (KBr disc)/cm"'^ 
^ max 

3310, 1614, 1595 and 1317. 



e) 3 . 4-Dl methvl'-2- { hvdrazinocarbonvl \ pvrrolo r 3 . 2- 1 carbazole 



Ethyl 3,4-dimethylpyrrolo[3,2-b]carbazole-2-carboxylate (500 ng) 

3 o 
and 95% hydrazine (5 cm ) %rare stirred and heated at 120 C for 

6h in a Readi-Vial. The mixture was allowed to stand overnight, 

cooled in ice and filtered. The resulting yellow solid was 

washed carefully with water and dried. Yield of title compound 

350mg (73%), no sharp m.p. but decomposes at 285^C. (Found: C, 

69;19; H, 5.57; N, 19.38. Calc. for C„H. ^N^O. O.IH^O requires 

j).7 xo 4 ^ 

C, 69.42; H, 5.55; N, 19.05%); fi^I^H^J-DMSO) 10.80 (IH, s, 
exchangeable, NH), 10.55 (IH, s, exchangeable, NH), 9.20 (IH, s, 
exchangeable, NH), 8.06 (IB, d, J7.5 9-H), 7.81 (IH, s, 10-H), 
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7.42-7.28 (2H, m, 6-H and 7-H) 7.12-7.01 <1H, 8-H, 4.5 (2H, 
br, a, exchangeable, NB^)^ and 2.4 and 2«3 <2 x s, 4-CH^ and 
m/z 293 (M+1)'*', FAB>). 

Example 8 

2-Acetvl*3 . 4-dimet:hvlPvrrolo f 3 > ^ carbazole 
Step 1 

2 , 4-'Diacet:yl*3 , S-dimethylpyrrole was prepared from acetylacetone 
and hydroxy lamlne-0-8ulphonic acid according to the procedure of 
Y.Tamura, S. Rato and M.Ikeda (Chem & Ind., 1971, 767). 

Step 2 

2^Acetoxvmethvl-3 , 5-dia cetvl->4-methvli3vggQle 

To a stirred mixture o£ 2,4*diacetyl-3,5-diiiiethylpyrrole (1.0 

3 

g), dichloromethane (35 cm } and potassium carbonate (7.73 g) at 

0-5®C was added a solution of sulphury 1 chloride (0.79 g) in 

3 

dichloromethane (15 cm )• The temperature of the mixture was 
maintained at 0.5^C during the addition by extcumal cooling 
then the mixture was stirred at this temperature until adjudged 
complete by t^.l.c. (ca 2h) • The mixture was then filtered and 
evaporated to give crude 2-chloromethyl-3 , 5-diacety 1-4-methyl- 
pyrrole* This material was dissolved in acetic acid (10 cm^), 

sodium acetate (l«83g) added, and then more acetic acid (10 

3 

cm ) added. The mixture was stirred overnight at ro om 
temperature, evaporated ij^ vacuo , and the residue stirred with 
ic»*cold water for 2h. A solid was collected by filtration and 
the filtrate extracted twice with ethyl acetate. The extracts 
were dried (MgS04), evaporated and the residue combined with the 
solid above, to give the crude product. Chromatography on 
silica eluting with ethyl aeetate-hexane (Isi) gave 0.075 g. of 
pure product as an off«*white solid m.p. 112* 5^114. S^C; m/z 238 
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(M%1, FAB), CDCl^) 2.16 (3H, e, OCOCH^), 2.50 fi, CH^), 

2.53 (3H, 8, Ca^), 2.62 {3H, B, CH^), 5.38 (2H, e, OCH^). 

fftep 3 

To a 8olut;ion of 2-acotoxymethy 1-3 # 5-diacetyl-4-met:hy Ipyrrole 

. 3 

(0.200 g) and Indole (0.098 g) in dlchloroe^hane (90 cm ) was 

added Mon^iBorlllonlt;e KIO clay (0.30 g). The mlxt;ure was 

stirred and heated at reflux for 80 h. After cooling the clay 

wae removed by filtration and the filtrate concentrated to ca 20 

cm iji vacuo > The crude product was removed by filtration and 

then chromatographed on silica. Elution with chloroform- 

methanol (60:1) yielded 0.08 g of the title compound as a yellow 

^ 2 

solid m. p. 2S8-260°C, m/z (EI) 276 (M ) H^J-DMSO) 2.58 

(3H, B, COCH^), 2.88 (3H, 8, CH^)# 2.92 (3H, 8, CH^), 7.05 (IH, 
m, 8-H), 7.38 (2H, 6-H, 7-H) , 7.85 (IH, s, 10-H) , 8.08(1B, 

J, 8 Hz, 9-H), 10.6 (IH, B, NH), 11.17 (IH, 8, MH) . (Found: C, 
77.0; H, 5.74; N, 9*76; ^2.s\6^2^' EtOAc requires C, 77.2; 

H, 5.98; K, 9.70%.) 

Example 9 

Ethvl 1 , 5-dihvdroindeno f 2 . 1-f 1 indQle-2 '*carboxvlate 
?fcep 1 

Ethvl 2*azido-3-f luoren-2-vlacrvlate 

Sodium (1.7eq) was added to absolute ethanol stirred under 
nitrogen at room temperature. When dissolution was complete the 
reaction was cooled to -lO^C and f luorene-*2-earboxaldehyde (leq) 
and ethyl azidoacetate (3eq) dissolved together in the minimum 
of tetrahydrofuran %^re added dropwise. The mixture was 
stirred at *10^C for 20h and then quenched by the addition of 
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water and dichloromethane. The conbined organic extracts were 

dried (MgSO.) and evaporated ^ vacuo. Flaeh chromatography 

-1 

yielded the pure product (37%) y^^^ (CHCl^)/a& 2120 and 1765. 

Step 2 

Ethyl 2-azldo->3«-£luoren-'2-ylacrylate suspended In dry toluene 
was heated at reflux for Ih, and the resulting solution was then 
evaporated to dryness li^ vacuo . The resulting .mixture of ethyl 
1 9 5*dlhydroindlno [2, l-£] lndole-2-carboxy late and ethyl 

1 « 10-dlhydrolndlno [ 1 , 2-3] -lndole*2-carboxylate was crystallised 
from ethanol, thus removing most of the [lr2 £[] Isomer and 
leaving the title compound (contaminated with approximately 30% 
of the [1,2*^0] Isomer) In the mother liquors which were 
evaporated to dryness. 5 (CDCl,) 9*11 (IH, s, br# 1-NH) , 
7.82-7.76 (3H, m) , 7.56-7.52 (IH, m) , 7.37 (H, dd, J 1 and 7), 
7.34-7.28 (IH, m) , 7.25 (IH, dd, J 1 and 2), 4.45 (2H, q, 
OCH.CH^), 3.97 (2H, 8, CH^) and 1.46 (3H, t, OCR^CH^). 



Example 10 

Effect of compounds of the Invention In detrans formation 
("flattening") assay using HT10808Cc2 and HTlOSOlc cell lines. 

Cell Lines and Culture Conditions 

Transformed and revertant HT1080 sub-lines, HT1080scc2 and RTlOSOlc 
were obtained from the Institute of Cancer Research, Chester Beatty 
Laboratories, Fulham Road, XiOndon. They vfere maintained routinely In 
Dulbecco's Modified Eagle's Medium (DMEM) supplmented with 10% foetal 
calf serum (PCS) and 1% penicillin/ streptomycin solution containing 
10,000 units per ml. All reagents %^re obtained from Glbco Ltd. 
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Cells were Incubated in tiaaue culture grade plastic veaaels at 37 C 
in 5 percent CO^ In aix. 

ABsavB for compound agtivitv 

Asaays for cell prollferatlon/cytotoxll^y were carried ou^ in ^ieaue 

culture grade 96 well microtitee plates (Coatar) . Cella in log growth 

3 

were added to the plates at a concentration of 1x10 cells per well on 
day 0 and serially diluted compounds viere then added on day 1. Plates 
were then incubated at 37^C in 5% CO^ in air for a further 4 days. 

* 

For quantitation of cell growth , the methylene blue biomass staining 
method was used, the test being read on a Multiacan plate reader at 
wavelength of 620nm* The morphology of the cells was checked 
microscopically under phase-contrast immediately before the fixation 
and staining with methylene blue, and by ordinary light microscopy 
thereafter. IC50 values for active compounds %iiere obtained using the 
computer programme, GSl and dose-^response slopes were also plotted. 

a 

When compounds were tested for activity in a colony forming assay the 
methods used were identical to those described eaurlier except that 
serially diluted compound was added to the sloppy agar when the test 
was set up, and replenished, at the same concentration on day 7. The 
test results %^re read on day 14. 

Results 

Comparative growth and morpholeov of HT1080scc2 and HTlOSOlc 

Growth rates in terms of cell number were similar for both lines to 
day 4 but thereafter HT1080scc2 cells continued to divide to reach 
saturation densities approximately 2 to 3 times higher than HT10801c 
by day 5. 
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Phenotypic differences betvieen the 2 lines were clearly evident. 
HT10801C cells displayed a much flatter morphology than the 
transformed cells and only a few mitotic cells mre seen in confluent 
areas of the cultures. HT10808Cc2 celle however continued to divide 
with numerous mitotic cells visible after confluence. 



Grown under anchorage independent conditions in soft agar, HT1080scc2 
produced several large colonies whereas HTlOSOlc cells failed to 
produce any colonies greater than 0.1mm in diameter. 

Ef f ect e o f se 1 ected eorapounds 

A number of compounds of the invention «^ire evaluated against the cell 
lines. 



The compounds of the invention exhibited low toxicity with IC50 values 
in the range 50-lOOftM. 



Below the results of the "flattening* assay for eontpounds of cell 
invention are shown 



Conipound 
Example 3 
Example 4(a) 
Example 4(b) 
Example 4(f) 
'Example 4(e) 
Example 4(h) 
Example 4(g) 



SCC2 flattienino <uH\ 

0.04 

0.04 

0.04 

0.8 

0.8 



The compounds are effective at aichieving flattening" ie de-transform- 
ation, at levels significantly below their toxicity level. 

The same compounds were also tested in assays using MCF7 human breast 
cancer cells r A431 epidermoid carcinoma cells and A285 melanoma cells* 
In all eases the cosipoundB were effective in the range l-SfiM. 
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1) A cGmpoond of foxanla (Z) 
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(Z) 



and salra and physiologically funerlonal derlTaelvea thereof # 



wherein A la 



II 




R2 



X la O, Sr SOr SO^g CB^/ CO or NR f wherein R la alkyl, 
aralkyl, aryl« alkanyl, aeyl» alkynyl, sulphonyl, or rabaclte^ed 
sulphonyl ; 



y la Or S, SO, SO^, CB^, OO or MR ; 



8 



8 



la OOR , , 

cohr"r^\ 



( 



aryl, aubscltu^ed aryl or 
aeyl, R and R 
la 1 ^o 4; 



9 

CB^OR , 
NR R wht 

2 n 

alkyl, R^ la 



aeyl or 



H, alkyl, 
aubarl^u^ed 
or aryl and n 



2 8 
R la H, OOCm , alkyl,aryl, 

12 

%iherela R la alkyl or aryl; 



aryl or^ CB^ca^QO^R 
4 2 2 2 



12 



R and R 



Indapaaden^y B# hydroxy, alkyl, haloalkyl 
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aUcoaey, halo, eyano, nLtxOf amino^ alkyl ami4io, dialkyl 
BObstxtMad alicyl, eazteaeyl or CO^R ; 



«5 . 

R xa alkyl, anba^ltetiad alkyl, araiJcyl, cill:ror aainor halo, 

8 

A u Hr alkyl, asyl^ aralkyl, nlrxo, halogan, CSO or CQR 
wttaraxn R i» alkyi or aryJt vixh t:bm provlao that 

2 3 4 S 6 
(i) when R , R , R , R and R are all H and A is 




il 



r2 



r xB MH and X la o or s, tUum R la not co^h , 

2 2 ' 



(ii> when R^, R^, r^^ r^ and R^ are all H and A la 




r2 



wherein 7 la nb, and X la o then R^ la not CBO; 



(HI) r la not o when X la 0< 



2) A ooBpoond. accord ing to i in which 
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7 7 

Z Lb S or HR , whenin R is aJJcyl, aulpbonyi or 
telums sulphonyl; 

Y Lb ) 

1 a 8 9 10 11 10 

R is COR , COOR , CB^OR , OOHH^, GOHBMR R , CONBR , 

COMR^R^^, COO(CH^) Mr"r^^ wterein R® is alkyl; arylr 

2 n ^ 

suJDS^itursd aryl or araDcyl, R is scyl or subscitutad acyi, 
R^^ and R^^ an indspandsn^ly hydrogen » alkyl or aryl and n is 1 
^o 4 carbon at:oms; 

R^ is COOR®, alkyl or CS^CH^CO^R^^ wherein R^ is aiJcyl or aryl; 
3 4 

R and R are independently H, hydroxy, alkyl, alkoxy, halo, 
cyanor subsritured alkyl or earboxyl; 

R^ is H or alkyl? 

R^ is Hr alkyl or aryl; toge^er wi^ sal^s and physiologieally 
functional derivatives thereof. 



3. A compound according to claias 1 or 2 in which 



X is 5 or NB; 
y is NB; 




R ie COOR wherein R is aDcyl^ or aralkyl;* 

R^ is H or alkyl; 

R^ ie.B, alkcncy, or helo^ 
4 

* R is. Br alkoxy or halo; 
R^ is alkyl; 
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and aalts aitd physiologically functional deriv^aciv^s thareof • 
4. A compoun d aalacted from 

3-pyridyi 3 , 4-dinia^hylpyrrolo ( 3 , 2-b J cmrUazol«-2-cartooxy late ; 
[ ( 3-diiDathylamino ) phenyl 1 3 , 4-diiiiefehylpyrrolo ( 3 , 2^h\ carba*ole-2- 
carboxy lata ; 

*>««*y 1 1 # 3v 4-tri»et:hylpyrrolo ( 3 , 2-b ] cartoaxole-2-carboxy lare ? 
phenyl 3 , 4-dijnethy ipyrrolo ( 3 , 2-b ] cartoaxole-2 -carboxylase ? 
3 , 4-dimethy i-2- ( 1-imidazolylcarbony 1 ) pyrrole ( 3 r 2-fe ) earfaazole ? 
ethyl 3, 4-dimethyipyrrolo [3,2, -^]carbazole«2-carboxylat:e; 
ethyl 3 , 4-dimetfay Ibenzothieno { 4 , indole-2-carboxylate ; 
bensy 1 3 r 4-dimethy Ipyrrolo ( 3 , 2-b ] carbazole-2*carboxy late ; 
bensy 1 8-£luoro-3 , 4-diiDethylpyrrolo ( 3 , 2-b] earba2ole-2-earbo3cy-» 
late; 

ethyl a-f luoro-3 , 4-diiBethy Ipyrrolo { 3 , 2-b J carba20le-2-carboxylate ; 
benxyl 3,4, 6-trimethylpyrrolo( 3 , 2-b J carbaxole-2-carboxylate; 
ethyl 3,4, 6-trimethy Ipyrrolo ( 3 , 2-b j carbazole-2-carboxylata ; 
8-f lttoro-3 , 4-diinethy Ipyrrolo ( 3 , 2-b J carbasole-2«*carboxylic acid; 
3 r 4-di«ethy Ipyrrolo ( 3 , 2-b J carbaaole-2-carboxylle acid; 

ethyl B-fflethoxy-3,4-diDechylpyrrolo(3r2«b]carbasole*2-^arbexy-* 
lata; 

3r4r6-triinethylpyrrolo(3,2*fejcarbaxole-2-carboxylic acid? and 

bttnxyl B«nethoacy»3,4<-diaethy Ipyrrolo (3, 2-^] earbazole-'2-»earbojey 
late; 

and salts and physiologically functional derivatives thereof 

A phazBaeeutical fnrrmilation which conprises a ~ trTm nft of 
fozmola (Z) according to claim 1 togethar with a phazsacentically 
acceptable carrier thereof* 
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6. A eompoand of foznula (Z) according tio claims 1 to 4 for ximm in 
nadlclho. 

7. 9ao of a camprwmd of foxnula (Z) or a pharmacantric a ll y aeeopcabla 
•all: or pliyalologieally fanctional dari.vat:lvo tteraof for thm 
manufacture of a nadlcamant for zxmmtamnz. of tum o u rs > 

8. A msthod of rrsatsMint of tuaours in aniaalsr which eooprisss the 
administration of an off active amount of a compound of formula 
(I) or a salt or physiologically functional dsrivacive thereof. 

9. A process for preparing compounds of general formula (I) as 
descrihed in claim 1 which process comprises : 

(a) catalysed ring closure of compounds of formula (IV) in the 
presence of a strong acid 




(IV) 



nrherein X, y, R*^, R^, R^. R^ and R^ are as defined herein^ or 

(b) conversion of one compound of formula (Z) into another 
compound of formula (I). 

10. Novel intexaediates of fosmula (ZX), (ZZX), (ZV) or (V) 
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